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I. INTRO DUCT ION 
Research on estuarine ecosystems has intensified greatly 
in recent years, at least partially as a direct result of man's 
increasing encroachment on these systems and the resulting con-
flict among opposing interests. Many larger estuaries have 
multiple uses, accommcxlating commerc~, navies, fisheries, 
recreation, and waste disposal. Because of·the complexity of 
these ecosystems, detailed knowledge of their structure and 
function is essential. 
Benthic organisms perform important recycling roles in the 
functioning of shallow water systems and provide the basis of 
estuarine fishery productivity. In addition, benthic inverte-
brates have proved to be effective biological indicators of water 
quality because of their non-motility and consequent lack of 
ability to avoid pollutants and because of their relatively long 
lives. Carri~er's (1967) comprehensive discussion of the ecology 
of estuarine benthic invertebrates will mislead the reader who 
relates the impressive volume of the paper with the extent of our 
knowledge of estuarine benthos until he realizes that it was 
intended not solely as a review but as a perspective. Actually, 
the ecology of estuarine benthos, especially its synecology, is 
very poorly known. The most recent significant contributions to 
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estuarine benthic synecology are those of Muus (1967) on Danish 
estuaries and Sanders et al. (1965) on a small fluctuating 
estuary in Massachusetts. 
The structure of marine benthic macrofaunal communities 
has recently received increasing attention (Sanders, 1968, 1969; 
Lie, 1968, 1969; Macdonald, 1969; Mccloskey, 1970), yet little 
infonnation is available on corrrrnunity structure in man-influenced 
ecosystems, especially estuaries. Investigations by Reish (1956, 
1959), Reish and Winter (1954), Dean and Haskin (1964), Filice 
(1959), and McNulty (1970) were concerned with macrobenthos in 
polluted marine environments but did not include discussions of 
community structure per se. On the other hand, investigations 
of freshwater benthos (Wilhrn and Dorris; 1968) and some marine 
investigations (Warinner and Brehmer, 1966; Pearson, Storrs and 
Selleck, 1967) have found community structure valuable as a 
sensitive biological measure of water quality. 
The study ·reported herein is of benthic macrofaunal 
corronunities, their distribution and structure in a multi-use 
estuarine system, the Hampton Roads port area. Hampton Roads 
has historically been among the largest and militarily most 
important ports in the United States. It is a moderately large 
commercial shipping center and home port for the U.S. Navy's 
Atlantic Fleet. Nearly one million people inhabit the immediate 
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area and considerable commercial and sport fisheries exist in 
the lcwer Chesapeake Bay-James River area. The system is 
influenced by activities· related to shipping and to municipal 
and industrial waste disposal. 
Hampton Roads proper covers approximately 65 km2 (Calder and 
Brehmer, 1967) at the conflueµce of Chesapeake Bay and the James 
River estuary. The Nansemond, Elizabeth and Hampton rivers are 
tidal tributaries of Hampton Roads but none contribute significantly 
to the freshwater discharge of the James River which accounts for 
approximately 14% of the total discharge of the Chesapeake Bay 
system. The Roads is characterized by extensive shoals (less 
than 6 m deep) and a deep central channel (7-22 m). Navigation 
channels of 12-14 mare maintained through Hampton Roads and into 
the Elizabeth River. 
The James River estuary is a horizontal boundary estuary 
with salinities slightly higher on the right side of the river 
looking upstream. The level of no net motion varies from 
horizontal to nearly vertical in cross section, depending on the 
freshwater discharge rate (M. M. Nichols, personal communication). 
The tidal range is about 0.8 m and resulting current velocities 
usually do not exceed 2 m/sec. 
Although salinity fluctuates slightly during a tidal cycle, 
the greatest salinity and temperature variations are seasonal. 
Salinity and temperature data, gathered by the Environmental 
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Chemistry Section of the Virginia Institute of Marine Science 
at a location below Newport News Point during the year 1969 
( which includes all benthic sampling dates), are pre·sented in 
Figure 1. Whereas the seasonal tell1llperature range is great, in 
excess of 25 C, the seasonal bottom salinity range is restricted 
to 3-4%0• 
Also presented in Figure 1 are surface salinity-temperature 
data for two other years of record in the Hampton Roads area 
(from Calder and Brehmer, 1967). The form of these latter two 
!-~ polygons is typical, the fall salinities exceeding those in 
spring. The 1969 !-~ polygon is characterized by crossing over 
by the fall portion of the figure, reflecting the lower than 
normal salinities in the months of September, October, and 
November due to flocxls caused by Hurricane Camille in the upper 
watershed of the James in late August and heavy rainfall in the 
following months. 
Temperature and salinity ranges may be slightly greater· in 
shallow areas adjacent to the shore but, for the most part, the 
environment experienced at the benthic sampling locations is 
validly described by Figure 1. Reduced and more variable salinities 
might be expected in those sampled portions of the Elizabeth River, 
yet fragmentary data indicate that salinity only infrequently drops 
below 15%, at any of the Elizabeth River stations. 
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Figure 1. Salinity-temperature polygons for Hampton Roads in 1969 and two other years. 
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II. METHODS 
Sixteen statJons in the Hampton Roads area (Fig. 2) were 
sampled in early February, early May, and ~arly August 1969 
with the exception of station EB which was not sampled in February. 
Three replicates at each station were obtained with an 0.06 m2 
Feerst-Petersen grab in February and an 0.07 m2 modified Van Veen 
grab in May and August. The contents of the grab were sieved 
through a 1.0 mm mesh screen, and that fraction retained was 
preserved in 10% formalin in seawater. All animals were removed 
from the preserved debris by examination under a dissecting micro-
scope and were identified and counted. 
Both grabs functioned well in muddy sediments and usually 
filled to capacity. The heavier Van Veen grab proved superior 
in sandy sediments, and repeated attempts were often necessary to 
secure adequate samples in sand with the Foerst-Petersen grab. 
In all cases, however, only swift or deep-burrowing animals, 
which were numerically unimportant could escape being sampled. 
In the February sampling (May for station EB), a fourth 
grab sample was taken and a sediment sample was removed from the 
relatively undisturbed sediment-water interface. Sediment particle 
size distribution was determined by sieving and pipette analyses 
following the proce_dures of Folk (1961). Sediments were dis-
aggregated by irrrrnersion in 50 ml of 4% sodium hexametaphosphate 
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_( Calgon) solution for 24 hours. 
III. RESULTS 
a. Sediments 
Percent of total sediment mass was computed for each phi 
size class (1.0 through 8.0 ¢). These were plotted as cumulative 
percent curves on probability paper and the median diameter (Md¢) 
and standard deviation (ci ¢) were computed from interpolated values 
by using equations given by Inman (1952). Percentages of sand, 
silt and clay were calculated and sediments classified according 
to Shepard's (1954) sand-silt-clay terminology •. These descriptive 
sediment statistics together with the water depth at the time of 
collection are given in Table 1. In addition_, percentages of sand, 
silt and clay of the total sand-silt-clay fraction (i.e., exclud~ng 
fraction larger than sand size) are graphically presented on a 
triangular coordinate diagram (Fig. 3). 
The sediments ranged from silty clay (Md 8.0 ¢) for station 
B2 at the mouth of the Nansemond River to fine sand (Md 2.5 ¢) at 
station F4 located on a shallow bar, Sewell's Point Spit. Coarse 
sediments predominated on the shoals at the northern side of the 
harbor and at its eastern end where medium to fine sands comprised 
most of the sediment. Finer sediments predominated on the shoals 
to the south, in the lower James River, and in the Elizabeth River. 
TABLE 1. Depth; sediment shell-gravel, sand, silt and clay percentages; particle median 
diameter in phi units and millimeters and standard d~viation in phi units; and 
sediment classification fqr each station (samples taken in February except for 
EB which was taken in May). 
Station Depth % Shell- %.Sand % Silt % Clay Md 4> Mdmm cr<P Classification (m) Gravel 
A2 7.6 3.02 37.83 24.74 34.41 4.7 0.039 sand-silt-clay 
B2 7.6 3.55 25.25 39.91 31. 29 5.5 0.022 sand-silt-clay 
B4 5.5 0.65 4.57 35.43 59.35 8.0 0.004 silty clay 
Dl 3.3 0.43 90.47 3.88 5.22 2.5 0.177 0.8 sand 
D2 7.6 2.03 70.00 13.55 15.51 3.2 0.108 1. 9 clayey sand 
D3 4.5 1. 94 82. 29 7.46 8.31 2.7 0.154 1. 0 sand 
D4 7.4 0.06 63 .41 17.10 19.43 3.6 0.082 3.1 clayey sand 
D5 4.5 0.94 56.40 15.16 27.50 3.5 0.088 3.8 clayey sand 
E6 4.8 2.85 60.27 12.54 24.34 3.8 0.072 3.7 clayey sand 
E7 3.6 0.87 40.63 28.77 29.73 4.6 0.041 4.1 sand-silt-clay 
EB 5.0 1. 92 39.24 21. 56 37.28 4.8 0.036 sand-silt-clay 
Fl 3.0 0.29 87.90 5.72 6.09 3.0 0.125 0.6 sand 
F2 7.0 0.59 80. 35 8.43 10.63 3.1 0.117 1.0 sand 
F3 .12 .3 2.53 75.96 10.87 10.64 3.3 0.102 1. 2 sand 
F4 3.1 0.55 89.64 6.48 3.33 2.5 0.177 0.8 sand 
F5 3.6 0.30 80,. 64 8.42 10.64 3.1 0.117 0.9 sand 
Figure 3. Triangular coordinate d~agram ihowing sand, silt, and clay percentages 
of sediment samples from the bEnthic sampling stations. 
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At these locations sediments were comprised of clays, silts and 
very fine sands. 
As shown by standard deviation values, sedimen~s were well 
sorted at shallow stations e.g., at Fl, F4 and Dl, which were 
located in depths of 3.3 m or less. Wave action obviously plays 
an important role in determining the composition of sediment in 
the shoal areas. Sediments at stations located in deeper water 
generally had nigher standard deviations and were, tDerefore, 
more poorly sorted. 
b. Macrofauna 
The samples yielded 175 recognizable taxa of animals; 164 
of these were identified to species (Appendix I). The most 
speciose taxa were Polychaeta (54 identified to species) Gastropcxla 
(23), Amphipcxia (22), and Bivalvia (18). A complete list of 
species· taken at each station is given in Appendix II together 
with their abundances expressed as total nurr~ers taken in each 
of the three sampling pericxls (two periods for EB) and grand totals. 
Species abundance for each sampling pericxl is the combined total 
of three replicate samples, covering a total are_a of O. 2 m2. 
Frequency of occurrence at each station in the three replicates 
for three sampling pericxls, or a total of 9 replicates (6 for EB), 
is also given in Appendix II. 
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c. Associations 
A rank analysis modified from a methcx:l of Fager (1957) was 
used to assess the numerically dominant species at e·ach station. 
A score, or biolo;rical index, was assigned to the five species which 
were highest-ranked numerically in each repJ_icate sample. The most 
numerous species received 5 points, the next 4 points, etc. These 
scores were summed for the 9 replicate-samples at each station 
(6 replicates at EB) and these sums are included in Appendix II. 
The biological indices for each species were summed for all 
stations and divided by the total number of replicate samples (141) 
to yield a mean biological index per sample for all stations. 
These values for the 15 top ranked species are given in Table 2 
together with their frequency in these 141 samples and their 
median numerical density per 0.2 m2. Those species ranked highe~t 
in this analysis, Spiochaetopterus oculatus, Paraprionospio pinnata, 
Retusa canaliculata and Heteromastus filiformis, were found in more 
than half of ~he samples and had mcxlerately high median densities. 
These are ubiquitous species found over a wide variety of local 
habitats and generally widely distributed geographically. 
In order to distinguish faunal "associati ms n the numerically 
dominant species of all pairs ofstations were compared. The bio-
logical index summed for all samples at a station was used as a 
measure of the species dominance at each station. Pairs of stations 
TABLE 2. Rank analysis dominant species for all stations. 
Species 
1. Spiochaetopterus oculatus (P) 
2. Paraprionospio pinnata (P) 
3. Retusa canaliculata (G) 
4. Heteromastus filiformis (P) 
5. Phoronis architecta (Ph) 
6. Spiophanes bombyx (P) 
7. Polydora ligni (P) 
8. Unciola irrorata .(A) 
9. Ampelisca vadorum (A) 
10. Mulinia lateralis (B) 
11. Nereis succinea (P) 
12. Ensis directus (B) 
13. Mya arenaria (B) 
14. Nephtys ,magellanica (P) 
15. Pseudeurythoe paucibranchiata (P) 
Streblospio benedicti (P) 
Mean 
(5 
Biological Index F~equency 
per sample (in 141 samples) 
point system)· 
1.50 116 
1.41 102 
1.39 106 
1.13 101 
1.06 70 
0.70 51 
0.66 61 
0.65 61 
0.60 75 
0.58 72 
0.55 93 
0.38 46 
0.37 14 
0.31 63 
0.29 69 
0.29 45 
(P = Polychaete, G = Gastropod, Ph= Phoronid, A= Amphipod, B = Bivalve) 
Median Density 
(0.2 m2) 
17 
12 
14 
9 
4 
0 
1 
1 
5 
l 
4 
1 
0 
2 
2 
0 
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were compared and the minimum biological indices of species 
common to both stations were summed, yielding similarity index, 
a "shared biological index value" (SBV). This method is similar 
to the "index of affinity" of Sanders (1960) except that minimum 
index values rather than minimum percentages are summed. This 
has the effect of limiting the influence on the similarity index 
of species which were extremely abundant at a station only infre-
quently, while emphasizing the importance of the consistently 
dominant species. 
The symmetrical (16 x 16) matrix of SBV's for all pairs 
of stations were then arranged by eye so that each station is 
approximate to those other stations with which it is most highly 
associated (Fig. 4). Three station groups or "associations" are 
evident in which there are high degrees of internal association 
but little association between stations of different groups. One 
group 1ncludes stations E6, E7, and EB, the Elizabeth River stations. 
The second group includes stations A2, B2, B4, D4 and DS, i.e., 
those stations at which the sediment was approximately 40% or more 
silts and clays. This group of stations was termed "mud stations". 
The remaining group, "sand stations", includes stations Dl, D2, 
D3, Fl, F2,·F3, F4 and FS, i.e., those stations in sediments of 
at least 70% sand. 
The affinities between stations within the latter group were 
generally lower than those within the other two groups, but this 
Figure 4. Matrix of "shared biological index values" for all 
pairs of stations. Biological indices for station 
E~ were multiplied by 1.5 to compensate for the lower 
number of replicate samples. 
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was largely the result of low affinities between the somewhat 
aberrant stations F3 and D3 and the other sand stations. Of all 
16 stations, however, only station FS showed appreciable,affinities 
for stations outside the station group in which it is included. 
The difference between the assemblages can be further 
quantified if the rank ortler analysis is applied to the three 
station groups separately. Tables 3, 4, and 5 list mean biological 
index, frequency, and median density for the dominant species 
from. sand, mud, and Elizabeth River stations, respectively. 
For the sand stations, the five top-ranked species are, 
with the exception of Spiophanes, ubiquitous. Retusa canaliculata 
was equally corrunon at mud and sand stations although it reached 
its highest population densities in sand (196/0.2 m2 at F3 in 
February). Heteromastus filiformis occurred in all three habitat 
types but was more abundant at sand and Elizabeth River stations •. 
Unciola irrorata and Polydora ligni are epifaunal organisms which 
occur on hydro ids, shells, etc. They we re common on both sand 
and mud but only during the February and May sampling. Spiophanes 
was found at all sand stations and, with the exception of one 
specimen at D4, was not found elsewhere. Other dominant species 
limited to the sand stations were Ampelisca verrilli and Glycera 
dibranchiata. Amoelisca vadorum, Spiochaetooterus oculatus and 
Glycera dibranchiata were taken very frequently but seldom in 
great numbers; instead, they maintained relatively small but con-
sistent populations. 
TABLE 3. Rank analysis dominant species for sand stations 
(Dl,D2,D3,Fl,F2,F3,F4,F5). 
Species Mean Biological Index Frequency 
per sample (in 72 samples) 
(5 point system). 
1. Retusa canaliculata (G) 1. 57 60 
2. Heteromastus filiformis (P) 1.40 58 
3. Spiophanes bombyx (P) 1.38 50 
4. Unciola irrorata (A) 1.06 41 
5. Polydora ligni (P) 1.04 40 
6. Ampelisca vadorum (A) 0.90 59 
7. Phoronis architeGta (Ph) 0.78 39 
8. Ensis directus (B) 0.69 31 
9. Spiochaetopterus oculatus (P) 0.61 54 
10. Nephtys magellanica (P) 0.60 49 
11. Ampelisca verrilli (A) 0.54 44 
12. Paraprionospio pinnata (P) 0.47 43 
13. Glycera.dibranchiata (P) 0.40 60 
14. Sabellaria vulgaris (P) 0.36 20 
15. Mulinia lateralis (B) 0.24 37 
(G = Gastropod, P = Polychaete, A= Amphipod, Ph= Phoronid, B = Bivalve) 
Median Density 
(0.2 m2) 
16.5 
16 
10 
5.5 
6.5 
16 
5 
2 
10. 
3 
9 
3 
9 
0 
2 
TABLE 4. Rank analysis dominant species for mud stations 
(A2,B2,B4,D4,DS). 
Species 
1. Paraprionospio pinnata (P) 
2. Spiochaetopterus oculatus (?) 
3. Phoronis architecta (Ph) 
4. Retusa canaliculata (G) 
5. Mulinia lateralis (B) 
6. Ampelisca vadorum (A) 
7. Pseudeurythoe paucibranchiata (P) 
8. Unciola irrorata (A) 
9. Polydora ligni (P) 
10. Nereis succinea (P) 
11. Ogyrides limicola (D) 
12. Nassarius vibex (G) 
13. Heteromastus filiformis (P) 
14. Pectinaria gouldii (P) 
Mean Biological Index 
per sample 
(5 point system) 
3.00 
2.93 
l. 93 
1. 82 
1.11 
0.44 
0.42 
0.36 
0.33 
0.31 
0.27 
0.24 
0.22 
0.20 
Frequency 
(in 45 samples) 
44 
43 
25 
41 
21 
15 
23 
18 
10 
24 
24 
23 
23 
24 
Median Density 
(0.2 m2) 
47 
33 
8 
17 
1 
0 
3 
1 
0 
3 
2 
2 
3 
3 
(P = Polychaete, Ph= Phoronid, G = Gastropod, B = Bivalve, A= Amphipod, D = Decapod) 
TABLE 5. Rank analysis dominant species for Elizabeth River stations 
(E6 ,E7 ,EB). 
Species Mean Biological Index · Frequency 
per sample (in 24 samples) 
(5 point system) 
1. Mya arenaria (B) 2.08 12 
2. Nereis succinea (P) 2.04 22 
3. Heteromastus filiformis (P) 2.00 20 
4. Spiochaetopterus oculatus (P) l. 50 19 
5. Streblospio benedicti (P) 1.46 12 
6. Paraprionospio pinnata (P) 1.25 15 
7. Mulinia lateralis (B) 0.63 14 
8. Sabella micropthalma (P) 0.63 10 
9. Corophium acherusicum (A) 0.42 6 
10. Molgula manhattensis (U) 0.42 7 
(B = Bivalve, P = Polychaete, A = Amphipod, U -- Urochordate) 
Median Density 
(0.2 m2) 
54 
21. 5 
23.5 
5.5 
13.5 
7 
5 
2 
0 
l 
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All mud station dominants are ubiquitous with the exception 
of Ogyrides limicola, ranked eleventh, which was absent ~t the sand 
stations except for one juvenile taken at F4. The first and 
second ranked species, Paraprionospio pinnata and Spiochaetopterus 
oculatus, were found in almost all replicate samples from the mud 
stations and at consistently high densities. Although also common 
in sand, these two species developed much larger population 
densities in m~d. Retusa canaliculata was very freq~ent but its 
population densities in mud never approached those found at some 
sand stations·. Phoronis architecta ranked high but had a low 
frequency of occurrence because of its great numerical importance 
at D4 and DS coupled with its rarity at most other mud stations. 
Phoronis constructs long tubes of sand grains and perhaps the 
higher sand content of the sediment at D4 and·ns enhanced the 
development of large populations there. Mulinia lateralis 
similarly ranked high with a low frequency of occurrence because 
of its abundance at B2 and B4. At B2 especially, this clam 
developed a huge population of approximately 7,000/m2 by February. 
The population was considerably reduced by May and decimated by 
August. Species ranked lo.ver than fifth for the mud stations 
were relatively unimportant, as shown by an abrupt drop in the 
mean biological index between species 5 and 6. 
The most notable difference in the fauna at the Elizabeth 
River stations was the abundance of Mya arenaria in February 
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and May samples. This clam was not found outside the Elizabeth 
River except for two isolated occurrences of very small specimens. 
The ubiquitous Nereis succinea was abundant in most of the samples 
taken at the three stations. It was commonly found elsewhere 
but never in numbers like those found in the Elizabeth River. 
Heteromastus filiformis, the second ranked species for sand stations, 
was likewise frequent and abundant at the Elizabeth River stations. 
Streblospio benedicti .. was only abundant in May, thus its high 
index and low frequency. Noticeably rare at the Elizabeth River 
stations were Retusa canaliculata and Amoelisca vadorum, two 
important species at the mud stations. 
Because the sediments and salinity at the three Elizabeth 
River stations were not unlike those at some of the nmud stations n 
it is suggested that the environmental factors causing the observed 
faunal differences are those relating to the pollution stress 
existing in the Elizabeth River. Abundant non-biological evidence 
chronicles the polluted conditions of these waters-and additional 
evidence from the benthic fauna is- presented later in this report 
to substantiate this contention. 
d. Pericxlicity 
An assemblage of organisms tends to change through time 
in species numerical composition, due to recruitment_ and mortality 
related to biotic and abiotic factors. The results reported to 
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this point have integr~ted seasonal effects by considering 
differences among the stations in terms of combined faunal 
composition for all thre~ sampling pericxis. Therefore, rank 
orders were broken down by sampling pericxi -within station groups 
and the six most important species in each category appear in 
Table 6. 
Retusa was numerically the most important species at the 
sand stations in February but steadily declined in importance 
as other species developed larger populations. The epifaunal 
Polydora ligni and llnciola irrorata and infaunal juvenile Ensis 
directus were abundant in February and May but virtually absent 
in August. Heteromastus and Ampelisca vadorum remained consistent 
in importance, Heteromastus reaching a peak in importance and 
abundance in May. Spiophanes, Phoronis and Ampelisca verrilli 
were rare in February, more common ·in May, and very abundant in 
August. 
In contrast to the sand stations, the dominant fauna of the 
mud stations did not change much seasonally. The one exception 
to this rule was Mulinia lateralis which, as mentioned above, 
was tremendously abundant at certain stations in February and May 
but virtually absent in August. The two most important species, 
Paraprionospio and Spiochaetooterus, did not relinquish their 
positions and were -ranked first and second, or vice versa, in 
each sampling pericxi. 
TABLE 6. The six most important species (by rank analysis) 
for sand, mud, and polluted stations during each 
sampling period. 
SAND STATIONS 
MUD STATIONS 
Elizabeth River 
Stations 
February 
Retusa 
Polydora 
Heteromastus 
Unciola 
Ampelisca vadorum 
Ensis 
Paraprionospio 
Spiochaetopterus 
Retusa 
Ogyrides 
Nereis 
Phoronis 
Mya 
Nereis 
Mulinia 
Heteromastus 
Spiochaetopterus 
Sabella 
May 
Heteromastus 
Polydora 
Unciola 
Ensis 
Retusa 
Ampelisca vadorum 
Paraprionospio 
Spiochaetopterus 
Mulinia 
Pseudeurythoe 
Retusa 
Phoronis 
Mya 
Streblospio 
Heteromastus 
Nereis 
§piochaetopterus 
Sabella 
August 
Spiophanes 
Phoronis 
Ampelisca verrilli 
Heteromastus 
Spiochaetopterus 
Ampelisca vadorum 
Spiochaetopterus 
Paraprionospio 
Phoronis 
Retusa 
Pseudeurythoe 
Nereis 
Spiochaetopterus 
Nereis 
Heteromastus 
Paraprionospio 
Sabella 
Molgula 
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The pericx:licity of Mya particularly characterized the 
Elizabeth River stations. Abundant both in February and May, 
these clams did not survive the summer, for in August none were 
taken. The size of these clams in May, roughly 20-27 mm, indi-
cates that most of these individuals had been recruited in the 
fall of 1968. Rising temperatures or phytoplankton blooms during 
the summer months could have led to the demise of these large 
populations ( Jon Lucy, personal communication). Mulin.ia was impor-
tant in February but less so in May, and only two specimens were 
taken in August in the Elizabeth River. Streblospio had developed 
large populations by May but was much rarer during the other 
sampling periods. 
e. Community Structure 
Among the simplest statistics. descriptive of community 
structure is the abundance of species and individuals. Table 7 
lists the number of species and number of individuals taken in 
three replicate grabs at each station during each sampling pericxl. 
Densities of macrobenthic organisms ranged from 30 to 1,773 
individuals/0.2 m2 (extrapolated densities of 150 to 8,865 indivi-
duals/m2). Geometric m(~ans for sand, mud and Elizabeth River 
stations were 532.5, 276.4 and 209.4 individuals/0.2 ~J, respectively, 
and although these values appear quite separated, the log-trans-
formed means were not significantly different at the 0.05 level. 
TABLE 7. Number of individuals (N) and species (S) per 
0.2 m2 (3 lumped replicates) for a11· stations. 
February May August Total 
Station N s N s N s N s 
SAND STATIONS 
Dl 374 42 526 55 1011 39 1911 74 
D2 496 49 292 43 548 55 1336 83 
D3 860 51 845 65 556 51 2261 93 
Fl 422 41 582 43 733 36 1737 66 
F2 301 43 524 52 559 49 1384 75 
F3 381 36 1178 82 1773 64 3332 105 
F4. 146 33 254 44 554 55 954 85 
FS 452 39 790 57 457 46 1699 82 
MUD STATIONS 
A2 148 34 572 46 214 35 984 65 
B2 1556 22 · 563 37 166 27 2285 51 
B4 104 9 356 23 165 20 625 34 . 
D4 250 34 432 55 147 38 829 72 
D5 247 31 264 41 252 46 763 68 
Elizabeth River Stat.ions 
E6 518 24 575 29 152 20 1245 43 
E7 314 21 131 12 30 9 475 28 
EB 636 26 104 20 740 33 
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Within the sand stations, geometric mean density increased from 
February to May to August, but the differences were non-signifi-
cant. For the mud stations, mean density was highest in May and 
lowest in August, and the means of these two pericxls were signifi-
cantly different from each other but not from that for February. 
Mean densities progressively ~eclined from February to August 
for the Elizabeth River stations, that for August being signifi-
cantly different from all others. 
In contrast, the number of species taken in three replicate 
samples was characterized by more marked differences between the 
station groups. The arithmetic means were 48. 7 5, 33. 20 and 20 .13 
species for sand, mud and Elizabeth River stations, respectively. 
The mean number of species at sand stations was significantly 
different from the means for mud ( p < O. 02) and Elizabeth River 
( p < O. 01) stations. The difference between the mean number of 
species at mud and Elizabeth River stations approached significance 
( 0. 0 5 (p < 0 .10). Within station groups, however, no significant 
differences existed between means for different sampling periods. 
In general though, at most stations the largest number of species 
was taken in May and the smallest in February. 
These.data indicate intrinsic differences in the structure 
of the respective communities and suggest further analyses. 
Species diversity indices are mathematical expressions which 
permit summarization of a great amount of information about the 
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numbers and kinds of organisms _in a collection. Diversity indices 
developed from information theory a:re probably the most useful, 
theoretically meaningful, and accurate, and definitely the most 
popular of the many published measures of diversity. These 
indices are expressions of the degree of uncertainty involved 
in predicting the species of a randomly selected individual. The 
more diverse an assemblage, the ma~e w~certain the prediction and, 
conversely, the less diverse, the more certain the prediction.· 
The index used most often is computed by Shannon's formula (Shannon 
and Weaver, 1963): 
where Pi is the proportion of individuals belonging to the i-th 
species. This index was applied in this study using base 2 
logarithms, with the units of the index being "bits per individual." 
As Lloyd and Ghelardi (1964) have pointed out, this expression 
of species diversity has two components. One is the "species 
richnessn coml)orient and is related to the number of species in 
the collection. The other is the "equitability" or TTevenness" 
component, or the relative distribution of individuals among 
the species. An incre~se in the number of species or more 
equitable relative abundance will be reflected in a higher value 
of H'. 
Species richness was described by using Sanders' (1968) 
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tr rarefaction method, n a graphical method allowing comparison of 
samples of unequal size. This procedure involves computing the 
number of species in increasingly smaller samples while keeping 
the percentage composition of the component species constant, 
that is, rarefying the samples. The curve generated may be 
visually compared with those for other samples. Figures s, 6 and 
7 are rarefaction curves for all stations of the February, May 
and August sampling periods, respectively. Grassle (1967) used 
the number of species predicted by the rarefaction methcx:l for a 
standard s~mple size as a numerical index of the species richness 
component. He used nuraber of species in a 180-individual sample 
and his precedent was followed in this study. 
The index of equitability used here is that of Lloyd and 
Ghelardi ( 1964): 
E = s T /S 
in which Sis the number of species in the sample and S' the 
number of species predicted by MacArthur's broken-stick model 1 
assuming the observed diversity H'. Lloyd and Ghelardi presented 
tables of S' which facilitates the computation of E. 
Table 8 lists H', £ and the number of spec.ies in a rarefied 
sample of 180 individuals (abbreviated spp/180)for all stations 
for each sampling period. Diversity (H') was highest at D3 in 
May with a value of 4.93 and lowest at B2 in February with a 
value of 0.83. The median diversity for sand stations was 3.95, 
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TABLE 8. Shannon's formula diversity (H')' equi tabili ty (E,) and number of 
species in rarefied samples of 180 individuals for all stations 
( 3 lumped· replicates). Asterisk indicates sample of less than 180 
individuals, in which value was obtained by extrapolation. 
FEBRUARY MAY AUGUST 
H' € spp/180 H' £ spp/180 H' e spp/180 
SAND STATIONS 
Dl. 4.38 0.74 35.5 4.27 0.50 42.5 3.61 0.46 25.0 
D2 3.87 0.42 36.0 4.58 0.82 37.0 3.88 0.38 35.5 
D3 3.48 0.32 29.5 4.93 0.69 49.0 4.04 0.47 36.5 
Fl 3.97 o :56 33.0 4.29 0.67 32.0 3.15 0.36 25.5 
F2 4.40 0.72 38.0 4.61 0.69 41.0 3. 97 · 0 .47 37.0 
F3 2.95 0.30 29.0 4.77 0.50 51.0 3.94 0.34 33.5 
F4 3.46 0.48 34. o')': 4.49 0.75 40.0 3.89 0.40 39. 0 
F5 3.75 0.51 30.5 4.58 0.59 40.0 3. 77 0.43 33.0 
MUD STATIONS 
A2 4.69 1.12 33. O')': 3.34 0.31 33.0 4.07 0.68 34.5 
B2 0.83 0.09 10.5 2.51 0.22 24.5 3.40 0.56 37. 5')': 
B4 1.63 0.44 11. 5')': 2.45 0.30 28.0 2. 96 0.55 21. o')': 
D4 3.70 0.56 30.5 4.80 0.76 40.l 4.45 0.84 41:0 
DS 3.16 0.42 26.0 4.07 0.61 35.5 3.67 0.39 39.0 
Elizabeth R. Stations 
E6 3.19 0.54 18.0 2.97 0.38 20.0 2.97 0.55 19.0 
E7 3.01 0.50 19.5 2.06 0.50 13. O')': 2.45 0.77 16. o-.·: 
EB l. 82 0.19 15.0 ·3. 03 0.60 23. 5-.': 
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for mud stations 3.40, and for Hampton Roads stations 2.97. 
Median H' of sand stations was highest in May (4.53) and lowest 
in August (3.88), whereas in mud it was highest in August (3.67) 
and lowest in February (3.16); in the Elizabeth River it was 
highest in February (3.10) and lowest in May (2.06). 
The equitability component(€) ranged from 1.12 at A2 in 
February to 0.09 at B2 in February. Median values were 0.49, 0.55, 
and 0.52 for sand, mud and Elizabeth River stations, re?pectively. 
. . 
As with H', no seasonal patterns of E consistent among the station 
groups were evident. Median equitability was highest in May 
(0.68) and lowest in August (0.43) for sand stations, highest -in 
August (0.56) and lowest in May (0.31) for mud stations, and 
highest in August (0.60) and lc:west in May (0.38) for Elizabeth 
River stations .. 
Species richness as expressed by spp/180 was greatest at 
F3 in May (51.0) and least at B2 in February (10.5). Median 
values were 35.7, 33.0 and 18.5 for sand, mud and Elizabeth River 
stations, respectively. Median spp/180 values were highest in 
May (40.5) and lowest in February (34.7) in sand, highest in August 
(37.5) and lowest in February (26.0) in mud, and highest in August 
( 19. 0) and lowest in May ( 15. 0) in the Elizabeth River. 
4. DISCUSSION 
a. Association Relationships 
Published descriptions of benthic corrununities on the Atlantic 
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coast of the United States have been amazingly few. Foremost 
among these and of considerable historical importance ar~ those 
of Sanders (1956, 1958, 1960) of benthos in Long Isl~nd Sound 
and Buzzards Bay. Sanders described a Nephtys incisa-Yoldia 
limatula association in Long Island Sound and a Nephtys incisa-
Nucula proxima association in Buzzards Bay fine sediments. These 
same species were found in Hampton Roads but never in great numbers. 
Sanders (1960). analyzed dominance at station R in Bu~zards Bay by 
a biological index technique similar to the one used in this study 
and only ohe of the ten top-ranked species, Retusa canaliculata 
(9th), was among the dominants in Hampton Roa::ls. The overall · 
Hampton Roads dominants (Table 2) were either relatively rare 
or absent at Sanders' station R. Among these important species 
in the sandier sediments in Buzzards Bay, however, were Ampeliscct 
vadorum ( = soinipes) and Ampelisca verrilli ( = macroceohala) 
(Sanders, 1958), ranked 6th and 11th in Hampton Roads. 
M. L. Wass and others at the Virginia Institute of Marine 
Science have surveyed some of the benthos of the lower Chesapeake 
Bay and its sub-estuary rivers, although most of the results are 
unpublished (Wass, 1965; Wass, McCain and Kerwi~, 1967; Harrison 
and Wass, 1965; Stone, 1963; Haven et al., 1967). In an inten-
sively sampled area in Chesapeake Bay off the mouth of the 
Rappahannock River, the ten top-ranked dominants by biological 
index were Nephtys incisa, Retusa canaliculata, Ensis directus, 
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Mulinia lateralis, Molgula manhattensis, Pectinaria gouldii, 
Ampelisca vadorum, Macoma tenta, Lyonsia hyalina, and Cirratulus 
grandis (Wass et al., 1967). At a mud bottom station in the 
lower York River, Virginia, which was sampled periodically over 
a 6-year period, the biological index dominants were Nephtys 
incisa, Retusa canaliculata, Ogyrides limicola, Mulinia lateralis, 
Edwardsia elegans, Pectinaria gouldii, Ampelisca spp., Amphiodia 
atra, and Phoronis architecta (M. L. ·wass, personal communication). 
The most notable difference between the Hampton Roads area 
benthic fauna and that of other nearby areas was the remarkable 
rarity of Nephtys incisa in the former. This species, which is 
common and abundant elsewhere, was only taken in 4 of the 141 
53.mples in this study. Its congener,~- _magellanica, which prefers 
sandier sediments than does~- incisa, was much more common, but 
as it was found less abundant at mud stations, it was not replaced 
by~- incisa, as is the usual case. Other species abundant in mud 
in the York Rive_r, for instance, were not as abundant in mud in 
Hampton Roads. These include Ogyrides limicola and Edwardsia elegans. 
Four of the six top-ranked species in Hampton Roads were not 
among the dominants either off the Rappahannock or in the York 
River: Spiochaetopterus oculatus, Paraprionosoio pinnata, 
Heteromastus filiformis, and Spiophanes bombyx. Spiochaetopterus 
is abundant in the York River only at yery shali~v depths in the 
lower part of the river and in somewhat deeper water in the 
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mesohaline portion of that est~ary. Paraprionospio and Heteromastus 
are corrunon but usually not very abundant in the York. Spiophanes 
can be found in small numbers in shallow water in the York River 
but it was a corrununity dominant subtidally in sandy sediments at 
the mouth of Chesapeake Bay and on the shallaN continental shelf 
off Virginia (Boesch, unpublished data). 
The dominant members of the macrobenthic fauna of the 
Hampton Roads system -are, therefore,· considerably different from 
those of nearby areas with generally similar environmental char-
acteristic·s. However, no explanations for these differences seem 
evident. 
b. Density of Individuals 
The density of macrobenthic animals reported from various 
investigations reflects the type and efficiency of sampler used 
and the mesh size used in sieving the sample, as well as real 
differences in animal density. Screen size is an especially impor-
tant criterion since the numbers of individuals retained by an 
only slightly smaller mesh size may be drastically increased 
(Reish, 1959b). 
Some density data are available in the literature for 1 mm 
screened samples. Wigley and McIntyre (1964) found means of 4,740 
indiv./m2 for the inner continental shelf, 1,496 indiv./m2 for the 
outer shelf, and 1,214 indiv./m2 for the slope in a transect south 
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of Cape Cod. Lowry (1969) found mean densities of 7,629 and 
6,285 indiv./m2 for two stations in mud at Arthur Harbour, 
Antarctica. Lowry calculated mean densities (1 mm screen) of 
928 indiv./m2 for two mud stations and 5,548 indiv./m2 for two 
sand stations studied by Haven et al. (1967) in the York River. 
Numbers per square IT£ter as extrapolated from geometric 
mean numbers of individuals per 0.2 m2 for this study were 2,663 
for sand stations, 1,-382 for mud stations, and 1,047 for Elizabeth 
River stations. Values extrapolated from arithmetic means would 
be 3,045, 1,839, and 1,538, respectively. The mud and Elizabeth 
River stations generally had higher densities than Haven's data 
would indicate for comparable sediments in the York River. Sand 
stations showed densities considerably below those found by Haven 
in York River sand and below Wigley and McIntyre's inner shelf 
and Lawry's Antarctic densities. Both Wigley and McIntyre's and 
Lawry's stations were in areas of unusually rich planktonic 
productivity an~ Lowry believed this rich food source was respon-
sible for the high densities. 
c. Species Diversity 
As Pielou (1966a), Sanders (1968) and Wilhm and Dorris (1968) 
have noted, the species diversity measure H' is dependent on 
sample size. For a given population, H' will increase asymptotically 
with sample size. Therefore, it seems·necessary to decide what 
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minimum sample size is necessary to adequately define H' for the 
real population. An attempt was made to estimate this minimum 
adequate sample size by computing H' for successively pooled 
series of 10 replicate grab samples from three locations in 
Hampton Roads ·sampled previously by M. L. Wass and J. B. Feeley. 
Figure 8 shows the characteristic curves describing the increase 
of H' with sample size (numbers of individuals) for these three 
locations ( B3, HB, MG) and for three pooled replicates. from four 
stations sampled during this study (D2M, DSM, FSA, E7F). All 
curves had.nearly leveled off before the first 150 to 200 
individuals ·were considered. In all cases, H' at these sample 
sizes had reached 90% of its asymptotic value. The conclusion 
is, then, that for these assemblages a sample size of 150 indivi-
duals yields an adequate estimate of H'. Only 5 of the 47 samples 
(3 replicates each) taken in this study included less than 150 
individuals and only one of these less than 100 individuals. It 
is evident that H' values presented here are gocx:i estimates of 
the 9-Symptotic H' or the "population H"' ( Pielou, 1966b) of the 
macrofaunal corrununity. 
Although, as Pianka (1966) pointed out, there has been 
little discussion of the application of statistical procedures 
to measures such as H', various parametric statistical tests 
have been used to c·ompare H' values (Wilhm, 1967; Tramer, 1969; 
Dahlberg and Odum, 1970). There is no evidence to show that the 
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variance criteria which must be assumed to employ these para-
metric tests are satisfied, that is, that the distribution of 
H' is normal. On the contrary, the dependence of H' on sample 
size (for small samples) tends to indicate ·otherwise and makes 
the employment of these tests unsound. Therefore, I have avoided 
the use of parametric statistical tests in analyses performed 
on these data. 
Ranges within station groups of H', € and spp/.180 may be 
compared and the central tendencies of their distributions may 
be demonstrated by median plus or minus one quartile ranges 
(Fig. 9). In this way, the degree of overlap of the total ranges 
and the ranges of the central most half of the values indicate 
the strength of the dissimilarities between station groups for 
the three measures. 
Values of the diversity measure H' for sand stations are 
dissimilar from those for mud stations and strongly dissimilar 
from those for Elizabeth River stations, which are, in turn, also 
dissimilar from those for mud stations. On the other hand, no 
noticeable dissimilarities exist for values of e between the 
various station groups. Values of spp/180 show the same pattern 
as those of H' except that the strength of the dissimilarity 
between mud and Elizabeth River stations is greater for spp/180. 
The indication is, then, that the species richness component 
was primarily responsible for differences in the H' diversity of 
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the three habitats. The equitability component was of little 
or no significance in this respect. This is in general agreement 
with the findings of Tramer (1969) that, for 267 breeding bird 
censuses, differences in diversity were closely correlated with 
species richness while the relative abundance or equitability 
component remained stable. This is in disagreement with the 
findings of Sager and Hasler (1969) who, for phytoplankton 
communities in Wisconsin lakes, attributed variability of H' to 
the equitability component as expressed in the 10 to 15 most 
abundant species. To explain these differences, Tramer explained 
that plankton are "opportunistic, n i.e. , species can reproduce 
quickly and become extremely abundant under favorable conditions, 
whereas birds are mostly nequilibriumn species whose physical 
environment and resources are relatively stable and who are 
predominantly biotically controlled. Certainly estuarine benthic 
invertebrates cannot be considered "equilibrium" species in the 
same sense as birds, but because their generation times are much 
longer than those of phy~oplankters and the spatial integrity of 
benthic populations is to some degree maintained by biotic controls 
(Thorson, 1966), they are certainly much less "opportunistic" than 
lacustrine phytoplankton. 
As shown by Sanders (1968), within a given area the sand 
bottom fallina is generally more diverse than the mud bottom fauna. 
Data presented here indicate that this difference is basically 
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attributable to the species richness component. Sanders suggested 
that the fauna of stable sand bottoms is inherently more diverse 
because of the "greater variety of microhabitats. TT _Thus, the 
explanation for this difference may be generally included in that 
class of arguments terned the "theory of spatial heterogeneity, TT 
according to Pianka' s ( 1966) classification. The differences in 
diversity between mud and Elizabeth River stations cannot be 
explained by d.ifferences in spatial heterogeneity, h~vever. The 
environmental factors characteristically different in the Elizabeth 
River are those related to pollution stress. It is my contention 
that pollution stress, as evidenced by various physical, chemical 
and additional biological parameters, affected corrununity structure 
and lowered species diversity. 
H' and its compo~ents were also compared by sampling period 
within station groups. Values for the three measures were ranked 
by season(= sampling period) and the ranks within station groups 
tested for concordance using Kendall's coefficient (Siegel, 1956, 
p. 229). The predominant rankings, coefficient values, and their 
associated probabilities are presented in Table 9. An insufficient 
number of rankings disallowed application of the test to the 
Elizabeth River statio~ group. 
For sand stations, the spring values generally ranked highest 
in all measures, and the winter values ranked higher than spring 
values for H' and e but were lower than these values for spp/180. 
TABLE 9. Seasonal patterns in diversity components as 
tested by Kendall coefficient of concordance w. 
w p 
SAND H' SPRING>> WINTER> SUMMER 0.578 <0.01 
STATIONS 
E SPRING >> WINTER > SUMMER 0.672 <0.01 
spp/180 indiv. SPRING> SUMMER> WINTER 0.609 <0.01 
MUD H' SUMMER> SPRING> WINTER 0.480 > 0.05 
STATIONS 
E SUMMER >>WINTER> SPRING 0.360 >0.05 
spp/180 indiv. SUMMER>> SPRING >>WINTER 0.840 <0.01 
Elizabeth H' WINTER> SUMMER > SPRING 
River 
Stations E SUMMER> WINTER > SPRING 
spp/180 indiv. WINTER> SUMMER> SPRING 
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j\11 ranks were significantly concordant at the o·. 01 level. 
Seasonally then, H' was obviously affected by changes in both 
components, equitability-and species richness, and although the 
influence of £ seemed slightly stronger, rieither component was 
predominantly influential. Ranks for ! and spp/180 were in 
relative agreement and in both spring values ranked highest. 
What took place, then, was the recruitment of many new species 
in spring, followed by a gradual reduction in the numb.er of 
species, coupled with increased dominance of a few species (e.g., 
Spiophanes.) during the summer. Marsh ( 1970) found that spring 
brought low equitabilities together with high numbers of species 
of eelgrass epifauna in the York River. The net effect was rather 
seasonally stable H7 values as the change in the two components, 
in effect, ncanceledn each other. Dahlberg and Odum (1970) 
found significant seasonal fluctuations of the equitability 
component in Georgia estuarine fish populations due to the influx 
of juveniles into the estuary in the fall which caused low £ 
values. 
For mud stations only the ranks for spp/180 proved signifi-
cantly concordant, and then very strongly so. Although the richness 
component had a marked effect on H', the seasonal trends of H' were 
not concordant among the stations. Even though the test was not 
applied for the Elizabeth River stations, subjective appraisal 
showed that seasonal trends for all three measures were very weak. 
-46-
In general though, spring values ranked lowest for all three measures. 
Although clear seasonal patterns existed for all measures at the 
sand stations and for spp/180 at the mud stations, no patterns 
were common to more than one habitat type. 
d. Relationships of the Diversity Components 
As an additional attempt at discerning the relationships of 
the components of species diversity, Spearman's rank correlation 
test (Siegel, 1956, p. 202) was applied to all combinations of 
pairs of values of the number of species (S), the number of 
individuals (N), H', e and spp/180. Correlation coefficients 
and their associated probability values (one-tailed) for all 
possible combinations are listed in Table 10 in order of their 
coefficient value. 
As would be expected, S was v.ery highly correlated with 
spp/180; that is, the number of species in a sample with the 
species richness component as measured by the rarefaction index. 
Very high correlations existed between H' and both spp/l80 and 
s, demonstrating the general dependence of H' on the richness 
component and the specific importance of the richness component 
in this study. The correlation between H' and£ was almost as 
high, however, and the influence of the equitability component on 
H' was also evident in this study. The significant correlation 
between N and Sand N and spp/180 is perhaps somehow related to 
TABLE 10. Spearman's rank correlation of 
components of species diversity. 
rs p 
s - spp/180 indiv. 0.856 < 0.001 
H' - spp/180 indiv. 0.850 < 0.001 
s - H' 0.714 < 0.001 
H' - E 0.647 < 0.001 
N - s 0.609 < 0.001 
N - spp/180 indiv. 0.421 < 0.005 
E - spp/180 indiv. 0.363 < 0.01 
significant 
not significant 
N - H' 0.161 < 0.20 at· 0.01 level 
Q 
- E 0.036 < 0.40 u 
N - E -0.322· < 0.05 
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the commonly observed phenomenon of an increase 1n the number of 
species taken by successively larger sample sizes, if one con-
siders number of individuals as a measure of sample size. 
A significant correlation between £ ·and spp/180 existed 
because overwhelming dominance by one or a few species affects 
both measures. The effect of this on the relative abundance 
component is obvious, and, because overwhelming dominance is 
often accompanied by rather large total population lev.els, the 
number of species predicted in this rather small proportion 
(i.e., 180. individuals) of a large N sample is also reduced. 
The lack of-significant correlation between N and both H' and 
e is an indication that these measures are independent of sample 
size, at least at the sample sizes considered here. The lack of 
correlation between S and £ indicates independence of the species 
richness and equitability components, even though there existed 
significant correlation between E and spp/180. As suggested 
above, this latter correlation is probably related to the nature 
of the particular richness index, spp/180. 
e. Species Diversity Comparisons 
H' values measured in this study are compared to those for 
macrobenthos of other locations in Figure 10. H' at mud and sandy-
mud bottoms in the lower York River and adjacent Chesapeake Bay 
was similar to that found at Hampton Roads sand stations and 
slightly greater than that found at Hampton Roads mud stations. 
Figure 10. Total ranges and ranges of the central 
half of values of H' for macrobenthos of 
Hampton Roads station groups, various 
habitats in the Virginia area, and other 
locations reported in the literature. 
[.i) Boesch, unpublished data; 2) Grassle, 
1967 (values are of H, not H' and conse-
quently slightly lower than equivalent H' 
values); 3) Sanders, 1958 (calculated by 
author); 4) Sanders, 1960 (calculated by 
Grassle, 1967, value$ are of H); 5) Lie, 
1968 (total fauna samples only); 6) Warinner 
and Brehmer, 1966; 7) Reish 1959a (calculated 
by author); 8) Reish and Winter, 1954 (calcu-
lated by author)] 
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The salinity regime in this area is like that of Hampton Roads 
and may be classified as polyhaline (Carriker, 1967). Farther 
up the York River estuary and into the Pamunkey River, in the 
long mesohaline and oligohaline zones, H' values were considerably 
10,,ver, mostly below 3.0, and were similar to those found for the 
Elizabeth River stations in this study. 
Diversities of macrobenthos on the shallow continental 
shelf off Virginia's Eastern Shore were 10,,ver than those in Hampton 
Roads sand and similar to those in mud. Some very law diversities 
were recorded from muddy sand depressions on the shelf, which were 
related to low equitability caused by the presence of tremendous 
concentrations (up to 12,000 indiv./m2) of the polychaete Pherusa 
?ffinis--a phenowEnon not unlike that of the Mulinia population 
"explosion n observed in Hampton Roads. H' was generally higher 
on the outer continental shelf and slope off Virginia and North 
Carolina than in Hampton Roads. All the values recorded by Grassle 
(1967) for the continental shelf and slope off Cape Lookout sur-
passed all but a few of the Hampton Roads values. 
The general increase in H' with depth agrees with the 
direct relationship between environmental stability, which increases 
with depth in the ocean, and species diversity, which has been 
well documented by Sanders (1968) and Grassle (1967). That the 
shallow shelf fauna was less diverse than the fauna of Hampton 
Roads sand bottoms may be explained by the fact that the bottom 
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in this shelf area is unstable,. the fauna being dominated by 
haustoriid amphipods and other animals indicative of shifting 
sand, and thus rather rigorous conditions. A very cogent dis-
cussion of the relationship of environmental stability and benthic 
species diversity can be found in Grassle (1967). 
H1 diversity values computed for benthic collections reported 
in Sand~rs' (1958, 1960) studies in Long Island Sound and Buzzards 
Bay are considerably lower than most ·of those recorded frorr. 
Hampton Roads. Most of the Hampton Roads fauna is also found in 
New England and the physical environment of Hampton Roads is 
actually less stable. The temperature and salinity ranges 
experienced are certainly greater than in either of the areas 
studied by Sanders. Possible causes of the diversity disparity 
include sampling techniques, i.e., Sanders used a 0.2 nun mesh 
screen in the Buzzards Bay study, and differences in the nature 
of the sediments. 
H' values reported by Lie (1968) for.Puget SQund benthos 
are considerably higher than those_ observed in this study, and 
some exceed Grassle's Atlantic continental slope values. This 
agrees well with Sanders' (1969) observations that benthic species 
diversity is greater in "maritime climate boreal corrnnunities", such 
as found on west coasts of continents in the Northern Hemisphere, 
than in "continental climate boreal communities", sueh as found 
on east coasts. He attributes this to the greater environmental 
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stability in the former. 
Some examples of benthic species diversity in polluted 
marine systems are also given in Figure 10. Warinner and Brehmer 
( 1966) investigated the macrobenthos of a shallow sandy area in 
the York River, Virginia, which was adjacent to an outfall from 
a steam-electric pevJer plant. H' was roughly equivalent to that 
found at Hampton Roads mud stations in the winter, but in summer, 
when heated water beca~e a limiting factor, H' values ·were general~y 
lower than those observed in the Elizabeth River. 
Reish (1959) studied the macrobenthos of Los Angeles and 
Long Beach,.California, harbors, which were being polluted by 
numerous domestic and industrial sources. He categorized the 
harbor bottom into five zones, reflecting degree of pollution, 
on the basis of indicator organisms. "Healthyn bottoms were 
characterized by Tharyx parvus, Cossura candida, and Nereis procera; 
"semi-healthy rn stations by Polydora paucibranchiata and Dorvillea 
articulata; "semi-healthy rrn bottoms by Cirriformia luxuriosa; 
"pol·luted" bottoms by Capitella capitata; and. 'Tvery polluted" 
bottoms by the absence of macrofauna. The H' values calculated 
for Reish's data for the nhealthyn and "semi-healthy I and II' 
zones range much lower (Fig. 10) than would be expected for macro-
benthos not affected by pollution. Thus, probably because he 
was confronted with such gross pollution in some areas, Reish 
seemingly underestimated the more subtle effects of pollution in 
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the less grossly polluted zones. 
Similarly, Reish and Winter (1954), in studying Alamitos 
. . 
Bay, California, concluded that the benthos was basically 
unaffected by pollution. Other authors (Wass, 1967; Wilhm and 
Dorris, 1968) have re-examined Reish and Winter's data and have 
demonstrated alteration presumably by pollution stress. I have 
separated those stations in Alamitos Bay near sources of polluticin 
(oil fields and sewer outfalls) and calculated H' for these 
"polluted" stations and for those not adjacent to such sources 
(Fig. 10) .. H' is strongly dissimilar between these stations. 
Pearson et al. (1967) have also found H' of macrobenthos. 
a gocxl indicator of severity of estuarine pollution. Working in 
San Francisco Bay, they observed H' values of 4.5 to l.7 (mean 3.3) 
in the vicinity of Golc.en Gate.· This dropped -to a mean of 1. 6 
ten miles south in the vicinity of San Francisco but increased 
south of there only to decrease again to values below l. 0 40 miles 
south of the mouth of the bay where pollution was severe. 
Values of th~ eq~itability index(€) are more difficult to 
compare because its meaning is perhaps more obscure and because 
of the paucity of authors who have used this particular measure. 
Fine (1970) observed a mean equitability of 0.64 for the non-colonial 
macrofauna of Sargassum. Marsh's (1970) mean 6 for epifauna on 
Zostera was 0.40. Deevey (1969) reported equitability values for 
Foraminifera in deep sea cores, the means of which we~ roughly 
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0.6 and 0.8 for pelagic and bemrthic species, respectively. The 
Hampton Roads median 6 values were 0.49 for sand, 0.55 for mud, 
and 0.52 for Elizabeth R~ver stations. In the case of Sargassum 
fauna and forams, the numbers of species (richness component) 
were small compared to the numbers in Hampton Roads benthos or 
Zostera epifauna. The two former groups also inhabit environments 
more stable than the two latter ones. Perhaps one or both of 
these facts may account for their more equitable distribution of 
individuals among species. 
The ~pecies richness component as measured by the rarefaction 
method (spp/180) is likewise difficult to compare. Sanders 
(1968, 1969), the author of this method, used only the polychaete-
bivalve fraction of the fauna in his analyses. Grassle (1967) 
did use the method for total benthic macrofauna and computed 
spp/180 for his North Carolina shel"f and slope samples. Grassle's 
mean values of 50.2 for shelf samples and 61.0 for slope samples 
are well above the Hampton Roads medians of 35.7, 33.0, and 18.5 
for ~and, mud and Elizabeth River stations, respectively. However, 
ample comparative data are available if numbers of species per 
sample are considered as a measure of species richness. The mean 
number of species for Hampton Roads sand stations (48.8) is con-
siderably higher than that for Haven et al. 's (1967) two York River 
sand stations (38.4). Likewise, the mean number for Hampton Roads 
mud stations (33.2) is higher than that for Sanders' (1960) Buzzards 
Bay station R (27.7) and Haven's two mud stations (18.0). The 
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means for all habitats in Hampton Roads are, hOi-lever, quite 
lower than those reported by Grassle for the shelf (81.2) and 
slope (78.2). Of course, the number of species per sample depends 
on the size of the sample and sieve size, and these studies have 
varied with regard to these criteria. 
To sumJitarize then, the benthic communities of Hampton Roads 
were characterized by 1;.·1hat might be termed nhigher than expectedn 
H' diversity, conside·ring the amount ·of environmental variability. 
The distribution of individuals among species was only moderately 
equitable and the richness component was primarily responsible 
for this high diversity. H' was noticeably affected by pollution 
stress at the Elizabeth River stations, yet the effect was much 
less than that observed in more severely polluted areas elsewhere. 
f. Effects of Pollution 
That environmental stress accompanying pollution can alter 
the composition of benthic communities has long been known 
(Kolkwitz and Marsson, 1909) and has proved useful in assessing 
the biological effects of pollution. The theory underlying this 
phenomenon is that pollution stress excludes or deters some 
species while allowing other more tolerant species to flourish 
because of relaxed biotic pressures, such as competition and 
predation. Historically, presence and abundance of those species 
known to be favored by pollution stress have been used as biolo-
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gical indication of pollution. Thus, the use of nindicator species,n 
such as tubificid oligochaetes and tendipedid insect larvae in 
freshwaters and certain polychaetes, such as Capitella capitata, 
in marine waters, has become common. 
In the Elizabeth River, pollution stress has disfavored 
some species, notably Retusa canaliculata, and, through relaxed 
competition or predation, has favored others. Notably favored are 
Mya arenaria and Nereis succinea, whic-h are extremely uncommon; 
in the case of Mya, and common but not abundant, inthe case of 
Nereis, elsev1here in the Hampton Roads area. The blue crab, 
Callinectes saoidus, is a main predator of young Mya in the 
Chesapeake Bay area and usually succeeds in decimating populations 
of the clams before they reach a very large size (Jon Lucy, personal 
corrununication). Perhaps pollution stress hinders the effectiveness 
of this or other predators and allows substantial populations of 
Mya to develop. 
Reliance solely on i..ndicator species. has som~ drawbacks, 
however. It is importcnt to rememper that these species also occur 
in natural, unperturbed situations and, at times, because of their 
tolerance and usually great reprcx:luctive potential, may be found 
in great numbers in such systems. Therefore, the presence or 
even the abundance of these "indicator speciesn does not 
necessarily indicate pollution. In addition, where in freshwater 
it might be sufficient to observe that tubificids and tendipedids 
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are abundant and therefore pollution is indicated, it is not 
sufficient to assume that the abundance of say, capitellids, 
likewise indicates marine pollution. That is, the taxa used as 
marine indicators must be identified at the specific or at least 
generic level; thus the taxonomic problems are more difficult in 
marine and estuarine situations. 
G~ufin and Tarzwell (1956) recognized indicator corrununities 
of macroinvertebrates .. in addition to ·the traditional indica.tor · 
species. Since that tim2 the trend among pollution ecologists 
has been toward using the community and its structure as the 
principal biological indicator (Patrick and Strawbridge, 1963; 
Wilhm and Dorris, 1968). 
Corrnnunity structure, as reflected by diversity indices, 
has been shown to Jbe altered due to pollution stress in the 
Elizabeth River. However, the degree of alteration is certainly 
not as extreme as that observed elsewhere, e.g., in certain 
California bays and harbors. Species diversity as_measured by 
H' has, h~vever, provec to be a sensitive and useful index of 
the effects of pollution on the macrobenthos. 
I must caution against the adoption of H' or any similar 
index as a water quality "s-tandard.TT or "criterion" as suggested 
by Wilhm and Dorris ( 1~168). Any numerical value of this type 
does not have meaning in and of itself but is only useful when 
subjected to ecological interpretation. Establishing a numerical 
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criterion does not take into ac_count discrepancies in sampling 
procedures and disregards natural variations in species diversities. 
Unperturbed corrununities undergoing internal instability, such 
as the population "explosions" of Mulinia and Pherusa mentioned 
earlier, and those in naturally rigorous environments which 
exhibit low diversity must be taken into consideration. There 
remains _no substitute for final subjective appraisal of objectively 
derived information .. 
5. SUMMARY 
1. The macrobenthos of the Hampton Roads area was surveyed 
in an attempt to analyze the structure of this important component 
of a multi-use estuarine ecosystem. Six.teen stations were estab-
lished in Hampton Roads, the lower James River, and the Elizabeth 
River, and three replicate grab samples were taken at each station 
in February, May and August 1969. Sediment samples were collected 
at each station and analyzed for particle size distribution. 
2. One hundred seventy-five macrofaunal taxa were recognized 
in the samples, 164 of which were identified to the species level, 
including 54 polychaete, 23 gastropcx:1, 22 amphipcx:1, and 18 bivalve 
species. 
3. On the basis of dominant species, the stations were 
divided into three station groups which corresponded to differences 
-GO-
in sediment type and degree of pollution. "Sand stationsn we re 
characterized by the presence of Spiophanes bombyx, Ampelisca 
verrilli and Glycera dibranchiata and a few less abundani flsand-
specific" species. "Elizabeth River stations" were characterized 
by the presence of Mya arenaria and the great abundance of certain 
ubiquitous species sucL as Nereis succinea and Streblospio benedicti. 
nMud stations" were characterized by the absence of both Spiophanes 
and Mya and the abundar.ce of the ubiquitous species Paraprionospio 
pinnata and Spiochaetopterus oculatus. 
4. A rank analysis yielded biological index values for each 
species within each station group. The three top-ranked dominants 
weTe, for sand stations, Retusa canaliculata, Heteromastus filiformis 
and Spioohanes; for mud stations} Paraprionospio:, Spiochaetopterus 
and Phoronis architect~; and for Elizabeth Ri~er stations, Mya, 
Nereis and Heteromastus. Seasonal periodicity of dominant specie~ 
was noticeable among sand stations, vJhere Spioohanes increased in 
abundance from low population levels in February and May to very 
high levels in August, and among Elizabeth River stations, where 
large February and May Mya populations were entirely eliminated 
by August. There was very little change in relative population 
levels among mud station dominants. 
5. The Hampton Roads fauna is widely distributed elsewhere 
in the Chesapeake Bay system and along the U.S. Atlantic coast. 
The dominants in the HaITpton Roads area are for the most part not 
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among the dominant species known from these other areas. For 
example, Nephtys incisa, which is a community dominant in much 
of the Chesapeake Bay system was rather rare in Hampton Roads. 
6. The structure of the communities was investigated by 
measuring species diversity by Shannon's formula (H') and its 
components, species richness and equitability. H' was much greater 
among the sand stations than among the mud stations and greater 
among the mud stations than among Eliz·abeth River stations. The 
differences in species diversity among the three station groups 
was primarily attributable to differences in the species richness 
component, as differences in the equitability component were slight. 
However, both richness and equitability components can account for 
seasonal differences in H' within station groups. 
7. As an index of species diversity, H' was shown to be 
independent of sample size and sensitive to both species richness 
and equitability components. 
8. H' values were compared with those for macrobenthos 
from other locations in the Virgin_ia area and from other locations 
as reported in the literature. The values for Hampton Roads, 
especially those for the sand stations, were quite high, exceeded 
only by those from the outer continental shelf and slope and 
Pacific coastal waters. H' values for mildly polluted areas in 
the Elizabeth River were generally lower than those ·for unperturbed 
systems but higher than those for other perhaps more grossly polluted 
systems. 
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9. The continued use of benthic organisms as biological 
indicators of pollution was recommended, but the acceptance of 
certain TT indicator species n or of corronunity structure indices 
as water quality "criterian without subjective ecological inter-
pretation was cautioned against. 
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APPENDIX I 
Species Collected in the Hampton Roads Area, 
Februaiy 19~9-August 1969, and Stations 
at Which They Were Found 
CNIDARIA 
Ceriantheopsis americanus (Verrill) 
Diadumene leucolena (Verrill) 
Edwardsia elegans Verrill 
TURBELLARIA 
Stylochus ellipticus (Girard) 
Turbellaria (unid) 
PHORONIDA 
Phoronis architecta Andrews 
RHYNCHOCOELA 
Amphiporus bioculatus (McIntosh) 
Carinomella lactea Coe 
Cerebratulus lacteus (Leidy) 
Cerebratulus luridus Verrill 
Micrura leidyi (Verrill) 
Tubulanus pellucidus (Coe) 
Nemerteans (unid) 
POLYCHAETA 
Aglaophamus verrilli (McIntosh) 
Ancistrosyllis hartmannae Pettibone 
Arabella irricolor (Montagu) 
Aricidea jeffreysi.(Mcintosh) 
Asabellides oculata (Webster) 
Capitella capitata (Fabricius) 
Clymenella torquata (Leidy) 
Clymenella zonalis (Verrill) 
Diopatra cuprea (Bose) 
Drilonereis filum (Claparede) 
Eteone heteroooda HartDan 
Eteone lactea Claparede 
Eumida sanauinea (Oersted) 
Glycera americana Leidy 
Glycera dibranchiata Ehlers 
Glycinde solitaria (Webster) 
B2;Dl,3,4,5;Fl,2,3,4,5 
A2;B4;Dl,3;E6,8;F3,4 
A2;B2,4;Dl,2,3,4;Fl,2,3,4,5 
Fl,3 
D3 
A2;B2,4;Dl,2,3,4,5;E6,7; 
Fl,2,4,5 
Dl,2,3;F3 
B2;D3,4;EG;Fl,2,3 
B2;D2,3,4,5;E6,7,8;Fl,2,3 
F3,5 
Dl,2,3;F2,3 
D2,3,4;E8;F3,5 
all stations 
Fl,2 
D2 
F3 
D2,3 
A2;B2;D3,4,5;F2,3,4 
E6 
A2;B2;Dl,2,3,4,5;Fl,2,3,4 
Dl;Fl,.2 ,3, 5 
A2;B2,4;Dl,4,5;F3,5 
D2,3,5;Fl,2,3 
A2;B4;Dl,2,3,4;E6,7,8;F3,4,5 
Fl,2 
D2,3;F3,5 
A2;B2,4;D2,4,5;E6,7,8; 
Fl,2,3,4,5 
Dl,2,3;Fl,2,3,4,5 
A2;B2,4;Dl,2,3,4,5;E6; 
Fl,2,3,4,5 
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Gyptis vittata (Webster & Benedict) 
Harmothoe extenuata (Grube) 
Heteromastus filiformis (Clapar~de) 
Hydroides hexagona (Bose) 
Lepidonotus sublevis Verrill 
Loimia medusa (Savigny) 
Lumbrineris tenuis (Verrill) 
Marphysa sanguinea (Montagu) 
Melinna maculata Webster 
Nephtys incisa (Malmgren) 
Nephtys magellanica (Augener) 
Nephtys picta (Ehlers) 
Nereis succinea (Frey & Leuckart) 
Notocirrus spiniferus.(Moore) 
Notomastus latericius Sars 
Odon"tosyllis fulgurans Claparede 
Paleanotus heterose~a Hartman 
Paranaitis -speciosa (Webster) 
Paraprionospio pinnata (Ehlers) 
Pectinaria gouldii (Verrill) 
Phyllodoce arenae Webster 
Phyllodoce mucosa Oersted 
Podarke obscura Verrill 
Polycirrus eximius (Leidy) 
Polydora ligni Webster 
Polydora sp. 
Prionospio cirrirera Viren 
Prionospio heterobranchiata Moore 
Prionospio sp. 
Pseudeurythoe paucibranchiata Fauvel 
Sabella microphthalma Verrill 
Sabellaria vulaaris Verrill 
Scolelepsis bousfieldi PEttibone 
Scoloplos fraqilis Verrill 
Scoloplos robustus Verrill 
Spio setosa (Verrill) 
Spiochaetopterus oculatus Webster 
Spiophanes bombyx Claparede 
Streblospio benedicti Webster 
Tharyx setigera Hartman 
Polychaetes (unid) 
OLIGOCHAETA 
Oligochaetes (unid) 
ES 
Dl,2,3,4,5;F3,4,5 
all stations 
A2;E8;F3,5 
A2;Dl,2,3;E6,8;F2,3,4,5 
D2,3,4,5;Fl,2,3,4,5 
D4;F3,4,5 
F3 
D4;Fl,2 
D4,5;F3 
A2;B2;Dl,2,3,4,5;E5,7; 
Fl,2,3,4,5 
F4 
A2;B2,4;Dl,2,3,4,5;E6,7,8; 
F2,3,4,5 
D2;F3 
F~ 
Dl,4 
A2;B2;Dl,2,3,4,5;F3,5 
A2;Dl,2,3;F2,3 
all stations 
A2;B2,4;Dl,2,3,4,5;E6,7; 
Fl,2,3,4,5 
A2;B2;Dl,2,3,4,S;E6;Fl,2,3,4,5 
D2;F4 
D2,3,4;E8;F3,4,S 
Dl,2,3;F3,4,5 
A2;B2;Dl,2,3,4,5;E6,7,8; 
Fl,2,3,4,5 
DS ;F4 
DS 
Dl,2 
F3 
~2;B2,4;Dl,2,3,4,5;E6,7; 
Fl, 2, 3, 4 ;s 
A2;Dl,2,3,4,5;E6,7,8;F2,3,4,S 
A2;Dl,2,3,4;F3,4,S 
D3;Fl 
A2;B4;E6,7,8;Fl 
Dl,2,3;Fl,3,4,5 
D2,3;Fl,2,3,4,5 
all stations 
Dl,2,3,4;Fl,2,3,4,5 
all stations 
B2;Dl,2,4;E6,7;Fl,2,3,4,5 
Dl,3,S;F3. 
A2;B2;D2,3,4;E6;Fl,2,3,4,5 
BIVALVIA 
Amygdalum papyria (Conrad) 
Anadara ovalis (Bruguiere) 
Anadara transversa (Say) 
Anomia simplex Orbigny 
Barnea truncata (Say) 
Ensis directus Conrad 
Gemma aemma (Totten) 
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Lucina multilineata Tuomey & Holmes 
Lyonsia hyalina Conrad 
Macoma balthica (Linnaeus) 
Macoma tenta Say 
Mercena~ia mercenaria (Linnaeus) 
Mulinia lateralis (Say) 
Mya arenaria (L~nnaeus) 
Mysella bidentata (Montagu) 
Nucula proxima Say 
Tellina agilis Stimpson 
Yoldia limulata (Say) 
GASTROPODA 
Acteon punctostriatus Adams 
Anachis translirata Ravenel 
Cerithioosis crrccni Ad~ms 
Crepidula convex2 Say 
Crepidula fornicata (Linnaeus) 
Doridella obscura Verrill 
Doris verrucosa LinnaeLs 
Epitonium rupicolum (K~rtz) 
Eupleura caudata (Say) 
Haminoea solitaria (Say) 
Manqelia cerina Kurtz &- Stimpson 
Mangelia plicosa Adams 
Marginella denticulata Conrad 
Melanella intermedia Contraine 
Mitrella lunata (Say) 
Nassarius obsoletus (Say) 
Nassarius vibex (Say) 
Odostomia impressa Say 
Pyramidella fusca Adam~ 
Pyramidella sp. 
Retusa canaliculata (Say) 
Turbonilla interrupta Trotten 
Turbonilla stricta Verrill 
Urosalpinx cinerea (Say) 
Nudibranchs (unid) 
D3,4;F2,3,5 
A2;D3,4;F2 
A2;B4;Dl,2,3,4,5;Fl,2,3,4,5 
F3 
DS 
A2;B2,4;Dl,2,3,4,5;E6,8; 
Fl,2,3,4,5 
F4 
Dl,2,3;Fl,4,5 
A2;B4;Dl,2,3,4,5;Fl,2,3,4,5 
E6 
A2;B2,4;Dl,2,3,4,5;Fl,2,3,5 
A2;D3,5;E6;F2,3,4 
all stations 
A2;D5;E6,7,8 
B2;D3 
A2;Dl,2,3,4;Fl,2,3,4,5 
Dl,2;Fl,2,3,4,5 
D4;F2 
Dl 
D2,3,4;F3 
D2,3;F3,4 
D2;EG;F2,3,4,5 
F3 
Fl 
D3;F3 
A2;Dl,2,3,4,5;Fl,2,3,4,5 
A2;Dl,2,3,4,5;Fl,2,3,4 
Dl;Fl,4,5 
D3 
~2;Dl,2,~,4,5;Fl,3,4,5 
D3 
Dl,2;F3 
A2;B2,4;Dl,2,3,4,5;Fl,2,3,4,5 
E7 
A2;B2,4;Dl,2,3,4,5;E6,7; 
Fl,2,3,4,5 
B2;Dl;F2,3,4,5 
Dl,2,S;Fl,2,3,4,5 
Dl 
A2;B2,4;Dl,2,3,4,5;E6,7; 
Fl,2,3,4,5 
A2;B2;Dl,2~3,4,5;Fl,2,3,5 
D3 
A2;Fl,2 
DS;F3,4 
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PYCNOGONIDA 
Anoplodactylus parvus Giltay Fl 
Callipallene brevirostris (Johnston) FS 
Tanystylum obiculare Wilson D3 
OSTRACODA 
Sarsiella zostericola Cushman 
CIRRIPEDIA 
Balanus improvisus Darwin 
MYSIDACEA 
Heteromysis formosa (Smith) 
Neomysis americana (Smith) 
CUMACEA 
Cyclaspis sp. 
Leucon americanus Zimmer 
Oxyurostylis smithi Calman 
ISOPODA 
Cyathura burbancki Frankenberg 
Cyathura polita (Stimpson) 
Edotea triloba (Say) 
Erichsonella filiformis (Say) 
AMPHIPODA 
Acanthohaustorius intermedius Bousfield 
Ampelisca abdita Mills 
Ampelisca vadorum Mills 
Ampelisca verrilli Mills 
Batea catharinensis Muller 
Bathyporiea sp. 
Caprella equilibra Say 
Caprella geometrica Say 
Cerapus tubularis Say 
Corophium acherusicum Costa 
Corophium tuberculatum Shoemaker 
Elasmopus laevis (Smith) 
Erichthonius brasiliensis Dana 
Gammarus mucronatus Say 
Jassa falcata (Montagu) 
Listriella clymenellae Mills 
Melita appendiculata (Say) 
Monoculodes edwardsi Holmes 
Paracaprella tenuis Mayer 
Paraphoxus epistomus Shoemaker 
DS;Fl,2,3,4 
B2;E7 
F3 
A2;B2;Dl,2,3,4,5;E6;Fl,2,4,5 
F4 
B2,4;D4;E8 
A2;Dl,2,3,4,S;Fl,2,3,4,5 
D2,3 
ES 
A2;B2,4;D3,4,5;E6,7,8; 
Fl,2,3,4,5 
F4,5 
F4 
A2;B2,4;D5 
A2;Dl,2,3,4,S;E6;Fl,2,3,4,5 
Dl,2,3;Fl,2,4,5 
A2;Dl,2,3;F2,3,4,5 
F3 
D4;F2,3,5 
B2;Dl;E8;F3,4,5 
A2;Dl,4,5;Fl,2,4,5 
all stations 
D3;F3,4 
A2;B2;Dl,2,3,4,5;E8;F3,4 
A2;B2;Dl,2,3,4,5;F2,3,4 
A2;B2,4;Dl,2,3,4,5;E6,8; 
F3,4,5 
D3;F2 
A2;Dl,2,3;Fl,2 
EB 
B2,4;D2;F5 
A2;Dl,2,3,4,5;Fl,2,3,4,5 
D2;Fl,3,4,S 
Stenothoe minuta (Holmes) 
Sympleustes glaber (Boeck) 
Unciola irrora:ra-say 
Amphipods (unid) 
DECAPODA 
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Alpheus heterochaelis Say 
Callinectes sapidus Rathbun 
Crangon septemspinosa (Say) 
Euceramus praelongus Stimpson 
Eurypanopeus depressus (Smith) 
Libinia dubia H. Milne-Edwards 
Neopanop~texana (Smith) 
Ogyrides limicola Williams 
Pagurus longicarous Say 
Panopeus herbsti H. Milne-Edwards 
Pinnixa sayana Stimpson 
Upogebia"""a:"ffinis (Say) 
ECHINODERMATA 
Amphiodia atra Stimpson 
Cucumaria pulcherrima (Ayres) 
Thyone briareus (LaSueur) 
HEMICHORDATA 
D3;F4 
A2;D5 
A2;B2;Dl,2,3,4,5;E6;7; 
Fl,2,3,4,5 
E8 
Dl;E7;F5 
B2;D4;E6;F2,3 
D3;F3,4,5 
E8 
F3 
A2;B2,4;Dl,2,3,4,5;E6; 
Fl,2,3,4,5 
A2;B2,4;D4,5;E6;F4 
Dl,3;F5 
F3 
B2,4;D5;E6;Fl,2 
B2;D3,5F3,4 
A2;D3,4,5;F2,4,5 
D2 
A2;D4,5 
Saccoglossus kowalewskii (A. Agassiz) B4;D4,5 
UROCHORDATA 
Molgula manhattensis (Dekay) 
PISCES 
Gobiesox strumosus Cope 
Gobiosoma bosci (Lacepede) 
Microgobius thalassinus (Jordan & 
Gilbert) 
Trinectes maculatus (Lacepede) 
. --~ 
A2;B2;Dc,5;E6,7,8:F2,3,4,5 
A2 
F5 
A2;F5 
A2 
APPENDIX II 
Species Abundance, Frequency and Biological Index Value for Each Station, 
Hampton Roads Area, February, May and August 1969 
STATION A2 
Species 
Unciola irrorata 
Spiochaetopterus oculatus 
Paraprionospio pinnata 
Nereis succinea 
Polydora ligni 
Ampelisca vadorum 
Anadara transversa 
Retusa canaliculata 
Heteromastus filiformis 
Sabellaria vulgaris 
Corophium acherusicum 
Streblospio benedicti 
Ensis dire ctus 
Glycera americana 
Nassarius vibex 
Pseudeurythoe paucibranchiata 
Neopanope texana 
Clymenella torguata 
Pectinaria gouldii 
Diadumene leucolena 
Oligochaeta 
Ampelisca abdita 
Elasmopus laevis 
Erichthonius brasiliensis 
Mitrella lunata 
Feb 
11 
21 
22 
10 
6 
6 
7 
2 
4 
6 
1 
4 
2 
1 
6 
5 
2 
May 
265 
20 
51 
19 
57 
4 
11 
10 
8 
l 
16 
13 
12 
5 
2 
7 
4 
6 
6 
2 
7 
4 
2 
33 
8 
9 
3 
14 
2 
3 
2 
1 
1 
5 
.1 
2 
2 
Total 
281 
97 
82 
57 
57 
37 
25 
25 
18 
17 
16 
13 
12 
11 
11 
10 
9 
8 
8 
7 
7 
6 
6 
6 
6 
Frequency 
(in 9 samples) 
7 
8 
9 
7 
3 
6 
7 
8 
7 
4 
3 
3 
3 
7 
7 
4 
4 
5 
5 
2 
3 
3 
2 
3 
3 
Biological Index 
(5 point system) 
12 
25 
24 
11 
10 
10 
6 
9 
4 
4 
3 
1 
1 
l 
1 
2 
1 
1 
1 
1 
2 
4 
I 
-..J 
lN 
I 
STATION A2 continued 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) cs point system) 
Phoronis architecta 6 6 2 
Epitonium rupicolum 2 3 s 2 
Ogyrides limicola 2 :3 s 4 1 
Eteone heteropoda 4 4 1 
Euoleura caudata 2 1 1 4 3 
Glzcinde solitaria 3 1 4 3 
H:zdroides hexaqona 2 1 .1 4 3 
Lepidonotus sublevis 2 1 .1 4 4 
Mulinia lateralis 4 4 3 
Mya arenaria 4 4 2 2 
Andudt'd ovalis I') 3 0 0 L 
Cera2us tubularis 3 3 2 1 
Edotea triloba 1 1 1 3 3 
Macoma tenta 3 3 2 
Mercenaria mercenaria 1 1 1 3 3 I 
Palaeonotus heteroseta 3 3 l ....J ~ 
Paracaprella tenuis 3 3 1 I 
Phyllodoce arenae 3 3 1 1 
Sabella mic'rophthalma 2 1 3 3 
S:zm2leustes alaber 3 3 1 
Thyone briareus 3 3 2 
Neomysis americana 1 1 2 2 
Nepht~s marrellanica 2 2 1 
Nucula proxima 1 1 2 2 
Nernerteans (unid) 1 1 2 2 
Oxyurostylis smithi 2 2 2 
Urosalpinx. cinerea 2 2 1 
Am2hiodia atra 1 1 1 
Asabellides oculata 1 1 1 
Batea catharinensis 1 1 1 
Diooatra cuprea l l l 
Edwardsia elegans l 1 l 
Gobiesox strumosus 1 1 1 
Listriella cl:z::rnenellae •l l 1 
Lyonsia hyalina l 1 l ..L 
STATION A2 continued 
Species Feb May 
Mangelia plicosa 1 
Paranaitis speciosa 1 
Scoloplos fragilis 
Trinectes maculatus 1 
Turbonilla interrupta 1 
Total individuals 148 572 
Total species 34 46 
Aug Total 
1 
1 
l l 
1. 
1 
214 984 
35 65 
Frequency 
( in 9 samples) 
1 
l 
'l 
l 
l 
Biological Index 
(5 point system) 
I 
....J 
U1 
I 
STATION B2 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Mulinia lateralis 1393 313 1706 6 30 
Paraprionospio pinnata 65 82 56 203 9 35 
SQiochaeto.12terus oculatus 16 67 33 115· 9 29 
Retusa canaliculata 26 6 19 51 9 17 
Balanus improvisus 17 10 27 6 10 
Ensis directus 13 13 3 3 
Pseudeurythoe paucibranchiata 8 2 10 4 4 
Molg:ula manl1a tterisi s 6 3 9 6 
Ogyrides limicola 3 2 4 9 r 0 
Phoronis architecta 1 8 9 3 5 
Streblospio benedicti 9 9 3 3 
Ampelisca abdita 3 1 4 8 6 
Nereis succinea 4 1 3 8 6. 
Pectinaria SJOUldii 3 5 8 4 I 
Nemerteans (unid) 1 3 4 8 6 1 '1 0) 
Glycera amer·icana 3 2 2 7 6 1 I 
Cerebratulus lacteus 2 4 6 4 
Glycinde solitaria 3 3 6 4 1 
Edotea triloba 2 3 5 3 
Nassarius vibex 2 3 5 4 1 
Neomysis arnericana 2 3 5 4 
Cltmenella torquata 1 2 1 4 3 
Heteromastus filiformis 2 2 4 3 
Macoma tenta 4 4 3 2 
CorOJ2hium acherusicum 2 l 3 3 
Dio)2atra CUJ2rea 2 1 3 2 
Unciola irrorata 3 3 2 
Edwardsia elegans 1 1 2 2 
Elasmoous laevis 2 2 1 1 
Erichthonius brasiliensis 2 2 1 1 
Gammarus mucronatus 2 2 1 
Mitrella lunata 2 2 1 2 
STATION B2 continued 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Monoculodes edwardsi 2 2 1 
Mtsella bidentata ri £. 2 2 
Palaeonotu s heteroseta I') £. 2 l l 
Pinnixa sa~ana r1 £. 2 1 l 
Thartx setigera l 1 2 2 
Turbonilla interru2ta 2 2 1 
Oligochaeta l 1 2 2 
Asabellides oculata 1 1 ., .l. 
Caprella aeornetrica 1 l 1 
Carinomella lactea 1 1 1 
Ccrio.ntheop:=3i::; cmcrica.nus , , ., .J.. .l. .l. 
Crangon septemspinosa l 1 1 
Leucon americana 1 1 l 
Neo2anope texana 1 1 1· 
Odostomia impressa l 1 1 I 
Ph)::'.'.llodoce arenae 1 1 1 '1 
'1 
Poltdora ligni 1 1 l I 
Upogebia affinis 1 1 1 
Total individuals 1556 563 166 2285 
Total species 22 37 27 51 
STATION B4 
Frequency Biological Index 
Species Feb May Au~r Total (in 9 samples) (5 point system) 
Para2rionos12io 12innata 66 78 31 175 9 38 
Mulinia lateralis 170 l 171 ·4 15 
Retusa canaliculata 19 43 51 113. 9 34 
S2iochaeto2terus oculatus 13 2 16 31 8 15 
Phoronis architecta 30 30 3 11 
Leucon americanus 21 21 3 4 
Ogyrides limicola l l 14 16 5 6 
Pseudeur:zthoe 2aucibranchiata 6 3 9 5 1 
Glycinde solitaria 4 3 7 4 2 
Arn2elisca aboita 5 l 6 3 l 
Coro2hium acherusicum 6 6 3 2 
Heteromastus filiformis 5 5 3 1 
Scolo2los fragilis l 4 5 4 
Gl:zcera arnericana 1 l 2 4 4 2 I 
Ensis directus 2 1 3 3 -..J a, 
Nemerteans (unid) 2 l 3 3 I 
Diademene leucolena 2 2 2 
Edotea triloba, l 1 2 2 
Anadara transversa l l l 
Dio2atra cur)rea l 1 1 1 
Edwardsia elegans 1 1 l 
Eteone het:ero2oda l l 1 1 
Garnmarus mucrona.tus l l l 
Lyonsia hyalina l 1 1 
Macoma tenta 1 1 1 
Mitrella lunata· l l 1 
Monoculodes edwardsi 1 l 1 
Nassarius vibex 1 l 1 
Neoeano2e texana 1 1 1 l 
Nereis succinea 1 l 1 1 
STATION B4 continued 
Species Feb May 
Pectinaria gouldii 
Pinnixa sayana 
Saccoglossus kowalewskii 
Streblospio benedicti 1 
Total individuals 104 356 
Total species 9 23 
Aug Total 
1 1 
1 1 
.1 1 
l· 
165 625 
20 34 
Frequency 
(in 9 samples) 
1 
1 
1 
1 
Biological Index 
(5 point system) 
I 
-..J 
U) 
I 
STATION Dl 
Frequency Biological Index 
Species Feb May Aug Total. (in 9 samples) ( 5 point system) 
Spiophanes bombyx 12 11 273 296 9 16 
Phoronis architecta l 2 168 171 5 11 
Spiochaeto2terus oculatus l 48 116 165· 7 15 
Retusa canaliculata 79 13 47 ·139 0 14 ..) 
Polydora lig:ni 45 84 130 6 24 
Ampelisca vadorum 5 18 lCl 124 9 6 
Ampelisca verrilli 10 40 65 115 8 8 
Heteromastus filiformis 10 76 5 91 8 14 
Unciola irrorata 8 52 60 6 9 
Glycera dibranchiata 5 8 42 55 8 
Glycinde solitaria 10 15 27 52 9 2 
Corophium acherusicum l 3 34 38 6 3 
Haminoea solitaria 35 1 36 4 7 
Nereis succinea 8 18 1 27 7 3 I 
Oxyurostylis smithi 12 3 9 24 7 co 0 
Mitrella lunata 19 4 23 5 5 I 
Pt:ramidella fusca 6 15 21 3 
Pht:llodoce arenae 1 6 13 20 5 
Nassarius vibex 9 4 5 18 7 
Paracapre lla tenuis l 4 13 18 5 
Nucula proxima 9 7 16 5 
Mangelia plicosa 7 9 16 5 
Turbonilla interrupta 16 16 2 2 
Cerapus tubularis 15 15 3 
Erichthonius brasiliensis 15 15 2 
Mulinia lateral.is 8 6 1 15 7 
Clymenella torquata l 12 l 14 5 
Ensis directus 2 12 14 4 
Odostomia imDressa 11 l 12 4 
Anadara transversa 7 4 11 5 
Paraprionospio pinnata 3 3 5 11 6 
Pseudeurythoe paucibranchiata 2 8 10 5 
Caprella geometrica 3 6 9 2 
Listriella cl'Lrnenellae 8 l 9 4 
STATION Dl continued 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Cl:Lmenella zonalis 4 3 7 3 
Elasmo12us laevis 2 5 7 3 
Macoma tenta 6 1 7 3 
Neo12a:1012e texana 4 2 6· 4 
L;Lonsia hyalina 3 2 5 3 
Nemerteans (urtid) 1 4 5 4 
Nepht;Ls magellanica 5 5 3 
Pol;Lcirrus eximius 5 5 2 
Sabella mic.:ro2 thalma 5 5 2 
EJ2itonium ru2icolum 1 1 2 4 4 
Gammarus mucronatus 4 4 2 
Tellina agilis 1 3 4 3 
Edwardsia elegans 1 1 1 3 3 
Eu2leura caudata 3 3 2 
Pectinaria gouldii 2 1 3 3 I 
Polychaetes (unid) 2 2 1 CX) 1--' 
StreblOSJ2iO benedicti 3 3 2 I 
Diadumene leucolena 2 2 1 
Harmothoe extenuata 2 2 1 
Neom;Lsis americana .2 2 1 
Sabellaria vulcraris 1 1 2 2 
Thar;LX setict=Ta 2 2 2 
Acteon 12unctostriatus 1 l 1 
AmJ2hi2oru s bioculatus 1 1 1 
Batea catharinensis 1 1 1 
Ceriantheo2sis americanus .1 1 1 
Crang:on se2terns2inosum 1 1 1 
Dio2atra cu2rea 1 1 1 
Eteone hetero2oda 1 1 l 
Le2idonotus s~1blevis 1 1 1 
Lucina multilineata 1 1 1 
Melanella intermedia 1 1 1 
Micrura leid;Li 1 l 1 
OdontOS;Lllis fulaurans 1 1 1 
STATION Dl continued 
Frequency Biological Index 
Species Feb May A'Jg Total (in 9 samples) (5 point system) 
Pagurus longicarpus l l 1 
Palaeonotus heteroseta l l 1 
Paranaitis speciosa l 1 1 
Prionospio heterobranchiata l 1· 1 
Plramidella sp. l l 1 
Scoloplos robustus 1 1 1 
Total individuals 374 526 1011 1911 
Total species 42 55 39 74 
I 
Rs 
I 
STATION D2 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Unciola irrorata 183 5 1 189 6 15 
SJ2iophanes bomblx 2 9 141 152 6 15 
Am2elisca verrilli 8 187 115 · 5 13 
Am2elisca vadorum 13 19 S5 87 9 12 
Pol:zdora ligni 72 12 84 6 13 
Gl:zcera dibranchiata ·5 9 44 58 9 6 
Ensis directus 1 54 55 4 14 
Phoronis architecta 5 31 36 4 7 
Heteromast.~us filiformis 3 15 17 34 7 5 
Retusa canaliculata 18 8 1 27 7 5 
S2iochae to12 ter·u s oculatus 4 6 17 27 7 
Mitrella lunata 11 4 11 26 7 
Nereis s11ccinea 22 l 3 26 6 3 
~ setosa 24 1 25 4 ·8 I 
Nucula 2roxima 19 4 1 24 6 4 co vJ 
Oxl'.'.urosttlis smithi 15 3 5 23 7 1 I 
Paraca2rella tenuis 7 15 23 3 2 
Ctathura burbancki 6 12 l 21 6 l 
Gltcinde solitaria 4 12 3 19 8 3 
Ar.adara trcJnsversa 16 16 3 l 
Nassarius vibex 4 4 8 16 7 
Neo12ano12e texana 14 l l 16 4 2 
Gc.mmarus mucronatus 14 14 3 3 
Mangelia f2li.cosa 7 l 5 13 6 
Oligochaeta 1'3 13 3 3 
Mulinia lateralis 2 9 11 4 
Turbonilla interru2ta 6 5 11 4 
Cl:zmeriella torgu.ata l 3 6 10 5 
Scolo12los robustus 9 9 3 3 
Elasmo2us laevis l 7 8 2 
Euoleura caudata 4 4 8 5 
L:zonsia htalina l 7 8 4 
Tellina aqilis 4 2 2 8 4 , 
STATION D2 continued 
Frequency Biologi.cal Index 
Species Feb May A~g Total (in 9 samples) (5 point system) 
Polycirrus eximius 2 4 1 7 4 
Sabella microphthalma 7 7 1 
Aricidea jeffreysii 2 4 6 3 
Nephtys magellanica 1 1 4 6· 5 
Pectinaria gouldii 2 4 6 3 
Pyramidella fusca 6 6 2 
Pseudeurythoe paucibranchiata 4 1 5 3 
Sabellaria vulyaris 5 5 2 
Cerebratulus lacteus 2 2 4 2 
Erichthonius brasiliensis 2 2 4 2 
Eumida sanguinea 4 4 l 
Neomysis americana 3 1 4 3 
Paraprionospio pinnata 1 3 4 3 
StreblOSQiO benedicti 4 4 2 
Batea catharinensis 3 3 1 I 
Cucumaria pulcherrima 1 2 3 2 a:, ..p:. 
Paraohoxus epistomus 3 3 2 I 
ArnphiQOrus pioculatus 2 2 2 
CreQidula convexa 1 1 2 2 
Edwardsia elecpns 1 1 2 2 
Epitonium rupicolum 2 2 2 
Listriella clyrnenellae 2 2 1 
Micrura leidyi 2 2 l 
Monoculodes edwardsi 2 2 1 
.Nemerteans (unid) 2 2 l 
Phyllodoce arenae 1 1 2 2 
Podarke obscura 1 ]_ 2 2 
Tharyx setir:rera l 1 2 2 
Amphipod (unid) 1 l 1 
Anachis translirata 1 1 1 
Ancistros~llis hartmannae 1 l 1 
Cerithiopsis greeni 1 1 1 
Corophium acherusicum 1 1 1 
Drilonereis fi1um l 1 1 
Eteone heteropoda 1 1 l 
STATION D2 continued 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) ( 5 point system) 
Gli::cera americana 1 1 1 
Harmothoe extenuata 1 1 1 
Lepidonotus sublevis 1 l l 
Loimia medusa l l· 1 
Lucina multilineata 1 l 1 
Macoma tenta l 1 l 
Melanella intermedia 1 l l 
Molgula manhattensis l 1 1 
Notocirrus spiniferus 1 1 l 
Palaeonotus heteroseta 1 1 1 
Paranaitis speciosa 1 1 l ..L. 
Phi::llodoce mucosa 1 1 1 
Prionos2io heterobranchiata 1 1 1 
Tubulanus pellucidus l l l 
Unidentified animal 1 1 1 I 
CX) 
Vl 
Total individuals 496 292 548 1336 I 
Total species . 49 43 56 83 
STATION D3 
Frequency Biological Index 
Species Feb May A'..1g Total (in 9 samples) (5 point system) 
Unciola irrorata 176 117 8 301 7 28 
Polydora ligni 256 43 299 6 19 
Am2elisca vadorurn 134 51 32 217· 9 16 
S2io2hanes bombyx 2 141 143 5 12 
Pseudeurythoe 2aucibranchiata 3 125 128 5 13 
Elasmo2us l2c;:is l 99 100 3 6 
--· --··--Anadara transversa 41 43 6 90 8 10 
Clymenella torquata 37 37 4 78 8 2 
Nereis succinea 15 37 13 65 9 2 
S2iochaeto2terus oculatus 23 29 4 56 8 3 
Jl.rn2e li sea verrilli 6 12 36 54 8 8 
Glycera dibranchiata 7 12 28 47 9 6 
Cia tl-1u.1·a bu1·bancki 6 19 17 42 I l 
Heteromastus filiformis 30 11 41 6 2 I 
Paraca12rella tenuis 4 4 33 41 5 4 co m 
Sabellaria vulgaris l 40 41 4 3 I 
Mitrella lunata 15 19 6 40 8 2 
Phoronis ardlitecta 9 8 23 40 7 4 
Sabella microphthaJ.ma 14 26 40 6 l 
Neooanooe texana 11 24 2 37 7 
Retusa canaliculata 14 14 l. 29 6 
Nucula 2roxirna 8 9 3 20 7 
Oligochaeta 19 19 3 
Palaenotus heteroseta 3 13 16 4 
Oxyurostylis smithi 8 5 2 15 8 
Mangelia plicosa 11 l 2 14 6 
Batea catharinensis 13 13 2 l 
Erichthonius brasiliensis 2 11 13 3 
Phyllodoce arenae 5 8 13 5 
CerithiOJ2sis greeni 2 8 l 11 4 
Ensis directus 10 l 11 4 
Glycinde solitaria 7 3 10 r .:) 
Eu2leura caudata 4 j_ 3 8 6 
STATION D3 continued 
Frequency Biological Index 
Species Feb May Au~J Total (in a samples) (5 point system) ..J 
Lyonsia hyalina 2 5 l 8 5 
Ne,12htys mag:ellanica 3 5 8 6 
Streblos,12io benedicti 8 8 3 
Jassa falcata 7 7· 3 
Nemerteans (unid) l 6 7 4 
Para,12rionos,12io ,12innata 2 4 1 7 4 
Turbonilla interTu,12ta .5 2 7 5 
Mulinia lateralis 2 4 6 3 
Carinomella lactea 5 5 3 
Edwardsia elegans 1 2 2 5 5 
Eteone heteropoda 3 2 5 4 
Moloula rnanhattensis c-_) 5 l 
Nassarius vibex 1 3 1 5 3 
Asabellides oculata 4 4 3 
Paranaitis speciosa 3 1 4 2 I 
Pectinaria gouldii 4 4 2 (X) ......., 
Polychaete (unid) 2 2 4 3 I 
Pol:t:cirrus eximius 2 '? ~- 4 4-
Aricidea jeffre:t:si 1 2 3 2 
Cerebratulus lacteus 3 3 2 
Diadumene leucolena 3 3 2 
E,12itonium rupicolum 1 2 3 2 
Macoma tenta 1 2 3 2 
Anachis translirata 1 1 2 2 
Coro,12hium acherusicum 2 2 l 
Drilonereis filum 2 2 2 
Eumida sanguinea 1 l 2 2 
Gammarus mucronatus l 1 2 2 
Harmothoe extenuata 2 2 2 
Lq~idonotus sublevis r) "- 2 1 
Listriella cl:t:menellae 2 2 2 
Mercenaria mercenaria 2 2 1 
Neom:t:sis americana l 1 2 2 
Pagurus lonc1icar2us r) 2 2 "-
Podarke obscura lt 1 2 2 
S,12io setosa 2 2 1 
STATION D3 continued 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Unidentified animal 2 2 1 
Amygdalum papyria l 1 1 
Am2hiporus bioculatus l 1 1 
Amphiodia atra 1 1. l 
Anadara ovalis l 1 1 
Ceriantheopsis americanus 1 , 1 .l. 
Coro12hium tuberculatum 1 l 1 
Doris verrucosa 1 1 1 
Edotea triluba l 1 1 
Euceramus 2~·aelongus 1 1 l 
Loimia medusa l l l 
Lucina multilineata l 1 1 
Mangelia cerina 1 l 1 
,. ~ -~ ··- ,. ..: - -- , , .. 
PldL.'.;;;i..lllt:::..l....ld. denticulata l l l 
Micrura leiciyi 1 1 l I 
Mysella bidentata l 1 1 a:, a:, 
Scolele12is bousfieldi l l l I 
Scolo2los robustus 1 1 1 
Stenothoe TTiinuta 1 1 1 
Tanstylum orbiculare l 1 l 
Tubulanus pellucidus 1 1 l 
Turbellaria 1 l 1 
Turbonilla stricta l 1 1 
Upoqebia affinis l l l 
Total individuals 860 845 556 2261 
Total species 51 65 51 93 
STATION D4 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Para12rionos;eio 12innata 47 65 19 131 9 29 
Phoronis architecta 50 54 17 121 8 31 
SQiochaeto;eterus oculatus 35 59 11 105· 9 26 
Pseudeurl'.'.thoe 2aucibranchiata 1 49 10 60 6 10 
Retusa canaliculata 30 17 2 49 8 7 
Unciola irrorata ·2 28 1 31 5 4 
Pol:zdora licJni 13 9 22 4 5 
Nassarius vibex 8 5 8 21 7 4 
Pectinaria aouldii 2 4 15 21 6 7 
Mulinia lateralis 18 l 19 4 2 
Am12elisca vadorum 5 11 16 4 4 
Cl:zmenella torguata 6 5 5 16 8 
Ne2ht:zs magellanica 6 4 4 14 7 1 
Og:zrides limicola 11 1 1 13 4 .3 I 
Nereis succinea 4 7 .l 12 5 1 CX) lO 
Turbonilla interru;eta 4 3 2 9 5 l I 
Gl·zcinde solitaria 5 3 8 4 
Heteromastus f iliformis 6 l l 8 4 2 
Streblos2io benedicti 8 8 2 
Anadara transversa 6 l 7 3 
Cerebratulus lacteus 1 6 7 4 1 
Ensis directus 6 1 7 4 
Gl:zcera americana 2 4 l 7 5 
Paracaprella tenuis 6 l 7 3 
Macoma tenta 1 5 6 3 
Mangelia Dlicosa 3 3 6 4 
Nemerteans (unid) 2 4 6 5 1 
Gammarus mucronatus 5 5 3 
Erichthonius brasiliensis 4 1 5 4 
Ceraous tubularis 3 1 4 2 
Ceriantheo12sis americanus 2 2 4 4 
Coro12hium acherusicum 2 2 4 3 
Necml'.'.sis americana 4 4 2 
STATION D4 continued 
Frequency Biologi~al Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Palaenotus heteroseta l 3 4 3 
Edotea triloba l l 1 3 3 
Epitonium rupicolum 1 l 1 3 3 
Leucon americanus 3 3· 2 
Loimia medusa 3 3 l 
Ner2htys incisa l 2 3 2 
Thyone briareus l 2 3 2 
Amzgdalum papyria 2 2 l 
Asabellides oculata 2 2 l 
Edwardsia eleyans 2 2 l 
Eupleura cauaata 2 2 l 
Lyonsia hyalina l 1 2 2 
.Melinna maculat:a 2 2 2 
Mitrella lunata l l 2 '.2 
Neopano12e texana 1 l 2 2 I 
Nucula proxima 2 2 2 w 0 
Phyllodoce arenae 2 2 1 I 
Sabella microphthalma 2 2 2 
Yoldia limatula 2 2 1 
Amphiodia atra 1 1 1 
Anacrds trans1irata 1 1 l 
Anadara trans versa 1 l 1 
Caprella eguilibra 1 1 l 
Carinomella lactea 1 1 l 
Crangon septemspinosa 1 1 1 
Diopatra cuprea l 1 1 
Elasmopus laevis 1 1 1 
Eteone heteropoda 1 1 1 
Harrnothoe extenuata 1 l l 
Lumbrineris tenuis 1 1 1 
Odontosyllis fulgurans 1 1 1 
Oligochaeta l 1 1 
Oxyurostylis smithi 1 l l 
Podarke obscura 1 1 1 
Sabellaria vulgaris 1 l l 
Saccoglossus kowalewskii 1 1 1 
STATION D4 continued 
Species Feb May 
Spiophanes bombyx 
Tharyx setigera 1 
Tubulanus pellucidus 1 
Total individuals 250 432 
Total species 34 55 
Auq Total 
l 1 
1 
1 
147 829 
38 72 
Frequency 
(in 9 samples) 
1 
1 
1 
Biological Index 
(5 point system) 
I 
\..0 
w 
'I 
STATION DS 
Frequency Biological Index 
Species Feb May Aug Total (in a samples) (5 point system) ..) 
Phoronis architecta 51 66 73 190 9 40 
Spiochaeto.eterus oculatus 71 38 69 178 9 37 
Retusa canaliculata 53 15 2 70· 7 15 
Para2rionospio pinnata 17 14 2 33 8 8 
Ampelisca vcidorum 5 19 24 5 6 
Paracaprella tenuis l 20 21 3 7 
Pectinaria gou.ldii 8 8 4 20 9 l 
Mu.linia lateralis l 17 18 4 3 
Anadara transversa 7 4 4 15 7 l 
Ensis directus 13 13 3 2 
Nassarius vibex 4 2 7 13 4 5 
Pseudeur:tthoe paucibranchiata 9 4 13 4 4 
Ht:terumastus filiiormis l 3 8 12 6 3 
Gl:tcera arnericana 2 4 4 10 8 I 
Nereis succinea 3 6 1 10 5 l ill tv 
Og~rides limicola 6 l 1 8 5 2 I 
Cl:tmenella t:orquata l 3 3 7 5 
Coro12hium ac.:herusicum l 6 7 3 2 
Ceriantheopsis americanus 2 3 5 3 
Asabellides oculata 3 l 4 2 
Edotea triloba l 3 4 3 
Epitonium ruoicolum l 3 4 3 
Mitrella lunata. 2 2 4 2 
Neopano2e te/..ana l 3 4 2 
Ph~llodoce arenae ·1 2 1 4 4 
Unciola irrorata 1 2 l 4 4 
Ampelisca abdita 3 3 2 
Cera.eus tubularis 2 l 3 2 
Dio12atra cuprea 1 2 3 2 
Elasmo2us 12evjs 1 1 l 3 3 
Loimia medusa 'J u 3 l 
Molgula r:1anha ttensis 1 2 3 2 2 
Nepht:ts maqcl.Janica l 1 l 3 3 
Sabella mic:rophthalma 3 3 l 
Nemerteans (unid) 2 1 3 2 
Barnea truncata 2 2 2 
STATION DS continued 
Frequency Biological Index 
Species Feb May Aeg Total (in 9 sam~les) (5 point system) 
Neomtsis americana 1 l 2 2 
Oxyurosttlis smithi 2 2 2 
Polydora ligni 1 1 2 2 
Saccoglossus kmvalewskii 2 2· 2 
Streblos2io benedicti 2 2 l 
U1209ebia affinis 1 1 2 2 
AmJ2hiodia atra l l l 
Cerebratulus lacteus 1 l l 
Drilonereis tilum· 1 1 l 
Erichthonius brasiliensis l l l 
-- ·------ -~----
Eu2leura caudata 1 l l 
Gamrnarus mucronatus l l l 
Gl'icinde solitaria 1 l l 
Harmot:hoe extenuata l l l 
Lyonsia hyalina 1 l l I 
l•Iacorna tenta 1 1 l U) lN 
Mangelia plicosa l l l I 
Mercenaria mercenaria 1 l l 
Mya arenaria 1 1 l 
Ne2htys incisa 1 1 1 
Nudibranch (unid) l l 1 
Palaenotus r1etero set a 1 l l 
Pinnixa sayana l l 1 
Polychaete (unid) 1 1 1 
Polydora sp. 1 1 l 
Prionos2io cirrifera l 1 l 
Pyramidella fusca 1 1 l 
Sarsiella zostericola 1 1 l 
Sympleustes glaber 1 l l 
Thyone briareus l l l 
Turbonilla interrupta 1 l 1 
Total individuals 247 264 252 763 
Total species 31 41 46 68 
STATION E6 
Frequency Biological Index 
species Feb May Aug Total (in 9 samples) (5 point system) 
Mya arenaria 119 174 293 6 23 
Sabella microphthalma 99 53 2 154 5 9 
Heteromastus f iliformis 51 66 15 132· 9 21 
Streblos2io benedicti 8 117 125 6 14 
Mulinia lat~eralis 108 11 119 6 12 
Nereis succinea 30 58 7 95 9 12 
Spiochaeto12terus oculatus 28 6 52 86 9 14 
Para2rionoq~io pinnata 11 36 3 50 8 10 
Pseudeurythoe paucibranchiata l 6 27 34 5 9 
Scoloplos traqilis 2 5 25 32 7 9 
Pectinaria you1dii 13 3 2 18 6 
Polydora lioni 9 9 18 5 
..,._ r - ~ - - -- ~ - - -. vibex 11 2 l 14 6 l'lct:::i:::ictL'J..U:::i 
Retusa canaliculata 14 14 3 l I lO 
Phoronis architecta l l 7 9 5 5 ~ I 
Eteo:--ie '.neteropoda l 7 8 3 2 
Le:>idonotus sublevis 2 3 5 3 
Diadumene leucolena 4 4 1 
Glycera americana l l l 3 3 
Neopanooe texana 2 l 3 2 
Cerebratulus lacteus l l 2 2 
Crangon septemspinosa 2 2 l 
Cre2idula conve:.<a 2 2 2 
Edotea triloba 2 2 2 
Glycinde solitaria 2 2 2 
Molgula manhattensis l l 2 2 
Tharyx set:i9<2ra 2 2 l 
Am12elisca .vadorum l l 1 
Ca2itella capitata l l 1 
Carinomella lactea l 1 l 
Coro2hium acherusicum l l l 
Ensis directus l l l 
Mc.coma balthica 1 l l 
STATION E6 continued 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Mercenaria mercenaria 1 1 1 
Nemertean (unid) 1 1 1 
Neomysis americana 1 1 1 
Nephtys magellanica 1 l· 1 
Ogyrides limicola 1 1 1 
Oligochaeta 1 1 l 
Phyllodoce arenae 1 1 l 
Pinnixa sayana 1 1 l 
Unciola irrorata 1 1 1 
Total individuals 518 575 152 1245 
Total species 24 29 20 43 
I 
l.O 
V1 
I 
STATION E7 
Frequency Biological Index 
Species Feb May A'Jg Total (in 9 samples) (5 point system) 
Mya arenaria 106 2 108 3 12 
Streblospio benedicti 77 77 3 15 
Para2rionos2io pinnata 48 1 12 61· 6 20 
Heteromastus filiformis 35 21 2 58 7 19 
Nereis succinea 40 12 1 53 7 18 
S12iochaetor2terus oculatus 39 5 3 45 7 21 
Mulinia lateralis 7 l 8 4 
Scolo2los frdgilis 8 8 l 4 
Corophium acherusicum 6 6 3 6 
Molgula manhattensis 6 6 2 
Edotea trj_loba 4 4 2 
Glycera arnericana 3 1 4 4 
Pseudeurythoe 2aucibranchiata 4 4 2. 
Retusa canaliculata 4 4 2 I 
Nassarius vibex 2 1 3 2 lD CJ) 
Nephtys magellanica 3 3 2 I 
Pectinaria gouldii 2 1 3 3 
Callinectes sapidus 2 2 l 
Eteone hetero2oda 2 2 2 
Nemerteans (unid) 1 1 2 2 
Phoronis arcl1i tee ta 2 2 1 1 
Polydora ligni 2 2 2 1 
Sabella microphthalma 2 2 2 
Balanus im2rovisus 1 1 1 
Cerebratulus lacteus 1 1 l 
Garnmarus rnucronatus 1 1 l 
Nassarius obsoletus 1 1 1 
Thuryx seti]era 1 1 1 
Unciola irrorata 1 l l 
Total individuals 314 131 30 475 
Total species 21 12 9 28 
STATION EB 
Frequency Biological Index 
Species May J\ug Total (in 6 samples) (5 point system) 
Mya arenaria 454 454 3 15 
Nereis succinea 39 13 52 6 19 
Molgula rnanhattensis 2 45 47 3 10 
Corophiurn acherusicum 38 38 2 4 
Heteromastus filiformis 26 1 27 4 8 
Streblos,2io benedicti 19 19 3 6 
Garrnnarus mucronatus 13 13 1 2 
Mulinia lateralis 12 1 13 4 3 
Sabella microphthalma 2 10 12 3 6 
Diadumene leuculena 2 7 9 4 5 
Pol'idora liqni 5 3 8 4 2 
Eteone hetero2oda 5 1 6 3 
H)'.'.dr·oj_J~ ~ r1e,<.ds-JOfld 6 6 l 4 
Alpheus het.erochaelis 2 3 5 4 1 I 
Edotea triloba 3 l 4 2 1 U) 
--.J 
Elasmo,2us laevis l 2 3 3 I 
Gzotis vittata 3 3 2 l 
S0iochaetopten1s oculatus l 2 3 3 1 
Ensis directus 2 2 l l 
Melita appendi.culata 2 2 l 
Scolo2los fragilis 1 1 2 2 1 
Caprella geometrica l 1 1 
Amphipods (unid.) l 1 1 
Cerebratulus lacteus 1 1 1 1 
Cyathura polita l 1 l 
Eurypanopeus de'pressus 1 1 1 
Glycera americana l 1 1 
Le12idonotus sublevis 1 1 1 
Leucon americanus l 1 1 
.Nemertean (unid) l 1 1 
Para2rionos2io pinnata 1 1 1 
Podarke obscura 1 1 1 
Tubulanus pellucidus 1 1 1 
Total individuals 636 104 740 
Total species 26 20 33 
STATION Fl 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Spiophanes bomb:zx 6 21 334 361 8 15 
Retusa canaliculata 81 15 85 181 9 22 
Ensis directus 97 62 159' 6 18 
Mulinia lateralis 4 93 3 100 6 13 
Hetero:nastus filiformis 6 64 21 91 9 9 
Paraprionos12io pinnata 17 36 34 87 9 12 
Gl:tcera dibranchiata 5 8 58 71 9 10 
Ner2ht:ts ma'.:jellanica 24 41 3 68 8 10 
Spiochaeto12terus oculatus 3 29 23 55 7 5 
Am2elisca vcrrilli 5 15 30 50 8 2 
Ox;iurost:tlis smithi 37 5 8 50 8 10 
Oligochaeta 11 34 45 4 6 
Gl:tcinde solitaria 6 20 14 40 9 1 
Ampelisca vadorum 7 9 16 32 9 I 
Pol:tdora ligni 9 23 32 6 ill (X) 
Haminoea solitaria 30 1 31 4 5 I 
Phor·onis ar.chi tee ta 2 1 27 30 5 
Spio setosa 29 29 3 
Macoma tenta 15 2 6 23 ' 1 I 
Pseudeur:tthoe paucibranchiata 4 14 18 6 
Tellina agilis 5 12 17 5 
Edotea triloba 1 10 3 14 4 
Nassarius vibex 7 2 5 14 7 
Ph:tllodoce arenae 1 1 12 14 5 
Turbonilla interrupta 12 1 1 14 5 
Nernerteans (unid) 2 1 7 10 5 
Thar:zx setig:era 4 6 10 6 
Cerebratulus lacteus 6 6 3 
Scolo2los robustus 4 2 6 4 
Streblos12io benedicti 6 6 3 
P:tramidella fusca 5 1 6 4 
--Anadara trans versa 2 3 5 5 
Eteone hetero2oda "s 5 3 
STATION Fl continued 
Frequency Biological Index 
Species Feb May Au~r Total (in a samples) (5 point system) ..I 
Clymenella torquata 2 2 4 3 
Loimia medusa 4 4 2 
Paracaprella tenuis 3 1 4 2 
E,12itonium rupicolum 2 1 3· 2 
Neo12a!'l.OJ2e texana 3 3 2 
Urosalpinx cinerea 1 2 3 3 
Ag_laophamus verrilli ·2 2 2 
Carinomella lactea 1 l 2 2 
Ceriantheo2sis americanus 2 2 2 
Drilonereis filum 2 2 2 
Listriella c l[nenellae r) .t.. 2 2 
Melinna maculata 2 2 2 
Neom:tsis americana 1 l 2 2 
Pectinaria youldii 2 2 2 
Scolo2los robustus 2 2 2 \...0 
Anoplodactylus parvus 1 l 1 \...0 
Ceraous tubularis 1 l l 
Cl:trnenella zonalis 1 l l 
Corophium acherusicum 1 1 l 
Doridella obscura l l l 
Edv-1ardsia elegans 1 1 l 
Eupleura caud;.1 ta 1 1 l 
Gl:tcera americana l 1 1 
Lucina multilineata l 1 l 
Lyonsia h:talina 1 1 l 
Mang_elia plicosa. 1 1 1 
Mitrella lunata 1 1 1 
Paraohoxus epistomus l 1 1 
Pinnixa sa:tana l 1 1 
Sarsiella zostericola 
-
1 1 
Scolelepsis bousfieldi 1 1 1 
Stylochus ellipticus 1 1 1 
Unciola irrorata 1 1 1 
Total individuals 422 582 733 1737 
Total species 41 43 36 66 
STATION F2 
Frequency Biological Index 
species Feb May Aug Total (in 9 samples) (5 point system) 
SJ2iOJ2hanes bombyx 15 29 175 219 9 20 
Heteromastus filiformis 66 75 141 6 25 
Ne12htys magellanica 43 63 29 135 · 9 27 
Retusa canaliculata 47 35 25 107 9 18 
Polydora ligni 43 37 80 6 17 
Para12rionospio pinnata 4 24 33 61 8 5 
Ensis directus 14 37 51 6 4 
J'.l.rr:12e li sea vadorum 21 2 25 47 7 7 
Ampelis~a verrilli 8 10 29 47 9 4 
Mulinia latPraJis 39 1 40 4 5 
Phoronis architecta l 3 26 30 5 2 
Turbonilla in t~errur ta 19 5 5 29 9 3 
Paracaprella tenuis 18 4 22 4 1 
Macorna tenta 6 12 2 20 6 I f--' 
Nucula proxima 11 5 2 18 8 1 8 
Streblosrio benedicti 1 17 18 4 
Tellina agilis 3 11 4 18 7 
Clymenella torquata 2 7 6 15 7 
Corophimn acherusicum 1 1 12 14 4 1 
SJ2iochaetopterus oculatus 1 7 6 14 6 
Oxt:urostylis smithi 6 3 4 13 7 
Caprella equilibra 12 12 2 1 
Glycera dibranchiata 2 10 12 4 
Nassarius vibex 3 2 6 11 7 
Oligochaeta 11 11 1 3 
Phyllodoce arenae l 1 9 11 4 
Glycinde solitaria 1 2 7 10 6 
Cerebratulus lacteus 8 8 3 
Nemerteans (unjd) l 2 5 8 6 
Nereis succinea 4 3 .1 8 5 
Unciola irrorata 2 6 8 3 
Amygdalum 12a2yria 7 7 1 
STATION F2 continued 
Frequency Biological Index 
Species Feb May Iw.g Total (in 9 samples) (5 point system) 
Anadara transversa 3 1 3 7 4 
Edwardsia elegans 1 2 4 7 4 
Erichthonius brasiliensis 2 5 7 4 
Loimia medusa 7 7' 2 
Neo,2ano.12e texana 3 4 7 4 
Listriella clymenellae 3 3 6 4 
Pectinaria gouldii 2 4 6 5 
Pseudeurythoe .12aucibranchiata 1 5 6 4 
Spio setosa 6 6 3 
Amphi_c=i_s!i~ a.~.r:_c:1_ 1 4 5 3 
Edotea triloba 2 2 l 5 4 
Mitrella lunata 5 5 2 
Asabellides oculata 4 4 3 
Carinomella lactea l '"' 4 2 v
Cerianthec2sis americanus 4 4 2 I f-' 
Aqlao.12hamus verrilli 2 l 3 3 0 f-' 
Cl:zrnenella zonalis 3 3 3 I 
EJ2itonium rupicolum l 2 3 3 
Eteone lactea 3 3 2 
Leoidonotus sublevis 3 3 2 
Sarsiella zostericola 3 3 l 
Yoldia limulata l l l 3 3 
Cera12us tubularis 2 2 2 
Crangon septems2inosa 2 2 2 
Drilonereis Jilum 2 2 2 
L:zonsia hya.lina l l 2 2 
Micrura leid:zi 2 2 l 
Neom:zsis americana l l 2 2 
Odostomia impressa 2 2 2 
P:zramide lla fusca l 1 2 2 
Thar:zx setigera 2 2 l 
Anadara ovalis l 1 l 
Batea catharinensis 1 1 1 
Cre.12idula convexa 1 l 1 
Euoleura caudata 1 l l 
Gl:zcera americana l l l 
STATION F2 continued 
Species 
Jassa falcata 
Melinna maculata 
Mercenaria mercenaria 
Molgula manhattensis 
Paranaitis speciosa 
Pinnixa sayana 
Sabella microphthalma 
Urosalpinx cinerea 
Total individuals 
Total species 
Feb 
l 
l 
301 
43 
May Aug 
l 
1 
l 
l 
l 
l 
524 559 
52 49 
Frequency Biological Index 
Total ( in 9 samples) (5 point system) 
1 l 
l 1 
l l 
1· l 
1 1 
1 l 
1 l 
l l 
1384 
75 
I 
f-1 
0 
N 
I 
STATION F3 
Species 
Sabellaria vulgaris 
Heteromastus filiformis 
Ampelisca vadorum 
Retusa canaliculata 
Unciola irrorata 
Nereis succinea 
Erichthonius brasiliensis 
Batea catharinen~is 
Hydroides hexagona 
Anadara transversa 
Paracaprella tenuis 
Polycirrus eximius 
Neopanope t:exana 
Corophium acherusicum 
Nucula proxima 
Harmothoe extenuata 
Paraprionospio pinnata 
Oligochaeta 
Gl ye:e .ca cLi.b1·ctr id 1-i.ct Ld. 
Tharyx seti9era 
Neohtys magellanica 
Sabella micropthalma 
Elasmopus laevis 
Ensis directus 
Diadumene leucolena 
Pseudeurythoe paucibranchiata 
Pectinaria gouldii 
Lepidonotus sublevis 
Polydora liqni 
Podarke obscura 
Caprella geometrica 
Eteone heteropoda 
Glycinde solitaria 
Mitrella lunata 
Feb 
30 
196 
1 
3 
1 
l 
2 
2 
43 
21 
4 
1 
20 
2 
2 
1 
7 
2 
May 
26 
265 
94 
11 
121 
20 
9 
8 
25 
52 
58 
30 
5 
39 
44 
18 
17 
28 
9 
5 
4 
27 
6 
13 
21 
1 
18 
17 
6 
3 
Aug 
465 
107 
298 
2 
39 
123 
106 
96 
cc: 
..;J 
S2 
11 
2 
27 
42 
4 
1 
2 
12 
4 
3 
26 
26 
20 
7 
20 
20 
18 
1 
3 
11 
Total 
491 
402 
392· 
209 
160 
143 
115 
105 
95 
90 
64 
60 
58 
49 
45 
44 
44 
41 
33 
33 
32 
31 
30 
27 
26 
23 
22 
21 
21 
19 
18 
18 
16 
16 
Frequency 
(in 9 samples) 
5 
8 
6 
7 
6 
5 
6 
5 
3 
8 
6 
5 
7 
5 
7 
3 
3 
6 
9 
5 
9 
5 
6 
3 
4 
7 
4 
4 
3 
4 
3 
3 
7 
6 
Biological Index 
(5 point system) 
15 
22 
22 
15 
8 
4 
3 
4 
3 
3 
5 
2 
12 
2 
1 
6 
3· 
1 
STATION F3 continued 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Eumida sanguine a 3 12 15 4 
Mang:elia ,Elicosa 5 9 14 5 
Paranaitis speciosa 7 7 14 4 
Nemerteans (unid) l 1 11 13· 5 
Paraohoxus epistomus l 12 13 2 
~ setosa 13 13 2 
Spiochaetop1erus oculatus 3 8 2 13 6 
Euoleura cauda ;-~a 5 7 12 4 
Macoma tenta 11 l 12 4 5 
P2 la eonot-; 1 s hPtPrOSP.ta 11 11 2 
Arn:t~dalum 222:zria 10 10 3 
Cl:tmenella torquata 1 7 1 9 5 
Streblospio benecticti 2 7 9 4 
EJv.1ardsia elegans 1 1 6 8 5. I 
Lurnbriileris tenuis 4 4 8 5 1--J 0 
Asabellides oculata 7 7 3 ..i:::,. I Epitonium rupicolum 3 2. 2 7 5 
Heterom:zsis formosa 7 7 2 
Micru!'_~ ~eidyi 5 2 7 3 
Na.ssarius vibex 1 l 5 7 5 
Arabella iricolor 6 6 3 
Oxt1ur·o s t:t li s smithi 6 6 3 
S2iophanes bornb:zx 6 6 3 
Tellina ag:ilis 6 6 l 
Edotea triloba 2 3 5 4 
Notornastus latericius 5 5 2 
Amphiodia atra 2 2 4 3 
Cre2idula convexa 1 I"\ 4 3 -:) 
Loirnia rnedusa 4 4 2 
Mulinia lateralis 4 4 2 
Ne2ht:ts incisa 4 4 3 
Ph:Lllodoce arenae 1 1 2 4 3 
Amphiporus bioculatus 3 3 1 
P..nomia sirr:r.~lex 3 3 3 
Crang:on septemspinosa 3 3 2 
Drilonereis filum 3 3 3 
STATION F3 continued 
Frequency Biological Index 
Species Feb May Aug Total (in 0 samples) (5 point system) ...I 
Euceramus praelongus 1 2 3 3 
Melanella intermedia 3 3 2 
Molgula manhattensis 3 3 2 
Odostomia irr:pressa 2 1 3 2 
Polychaetes (unicl) 3 3 2 
Upogebia affinis 3 3 2 
Anachis translirata 1 l 2 2 
Bath:zporiea sp. 2 2 2 
Caprella equilibra 2 2 2 
CariLorr:ella lactea 1 l 2 2 
Ceriantheo2sis arnericanus 1 l 2 2 
Cerithio2sis greeni 1 1 2 2 
Cl:zmenella zonalis 2 2 2 
Crepidula fornicata 2 2 1 I 
Glvcera americana 2 2 2 !--J 0 
Marph~sa sanguinea 2 2 1 lf1 
Mercenaria r:1i2rcenaria 2 2 2 I 
Nudibranch (unid) 2 2 1 
Se2oloolos robustus 2 2 2 
-----Turbonilla interrupt a 1 1 2 2 
Cerebratu1us lacleus 1 1 1 
Cerebratu1us luridus 1 1 1 
Co r· o .eh i um tuberculatum 1 1 1 
Diopatra cu12rea 1 1 1 
Doris verrucosa l 1 1 
Gammarus mucronqtus 1 1 1 
Libinia dubia l 1 1 
L:zonsia h)'.'.alina 1 1 1 
Panopeus r1erbsti 1 1 1 
Prionospio sp. l 1 1 
P:zramidella fusca 1 1 1 
Notocirrus s12iniferus 1 1 1 
Sarsiella zost:ericola l 1 1 
St:zlochus ellipticus l 1 1 
STATION F3 continued 
Species Feb May 
Tubulanus pellucid us 1 
Total individuals 381 1178 
Total species 36 82 
A,_;.g Total 
l 
1773 3332 
64 105 
Frequency 
(in 9 samples) 
1 
Biological Index 
(5 point system) 
I 
f-J 
0 
m 
I 
STATION F4 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Phoronis architecta 6 171 177 6 19 
Spio2hanes bombyx 2 120 122 4 13 
Retusa canaliculata 66 2 5 73· 6 16 
Ca2rella ceometrica l 64 2 67 4 5 
Glycera clibr·anchiata l 3 29 33 6 5 
Paracaorella tenuis 15 10 25 6 4 
SDiochaetopterus oculatus 1 22 23 4 2 
Unciola irrorata l 17 4 22 5 6 
Nemerteans (unid) 1 20 21 4 l 
P:t:ramidella fusca 2 18 20 4 3 
Tellina aqilis 13 5 2 20 6 15 
Nassarius vibex 5 l 10 16 7 4 
Tharyx setigera 14 l 15 3 4 I 
Am2elisca verrilli 1 13 14 4 3 I-' 
MitY'ella lunata 5 6 3 14 7 4 0 .....J 
Har·mothoe ex:.tenuata 12 12 2 2 I 
Heteromastus filiformis 6 6 12 5 1 
Nereis succinea l 7 4 12 6 l 
Nucula proxirna 4 7 l 12 6 2 
Elasmo12us laevis 10 l 11 2 4 
Ensis directus 7 4 11 3 5 
Para2hoxus epistomus 3 8 11 5 2 
Am2elisca vadorum l 9 10 4 
Ericthonius brasiliensis 10 10 3 1· 
Oxyurostylis smithi 1 1 8 10 5 
Edotea triloba-- 2 6 8 5 
Sabella rr.icrophthalma 8 8 3 
Sabellaria vulaaris 8 8 2 3 
Ceraous tubularis 7 7 3 
Ph;tllodoce arenae 7 7 2 
Podarke obscura 6 l 7 2 1 
Spio setosa 7 7 3 5 
Epitonium re2 ico lwn 6 6 3 
STATION F4 continued 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Gl:icinde solitaria 1 5 6 4 
Neo2ano2e texana 1 5 6 3 
Pol:icirrus eximius 1 5 6 4 
Nudibranch (unid) 2 3 s· 4 
Pseudeur:zthoe 2aucibranchiata 3 2 5 4 
Anadara trans versa 1 3 4 2 
Euoleura ca;Jdata 4 4 3 
Gar0J:1aru s rnu'.:2ro.:-'.a tus 4 4 2 
Mulinia lateralis 1 2 1 4 4 
Ne2h~ys 2icta 4 4 2 3 
Pol:tdora lirJTti 4 4 3 2 
Sarsiella zostericola 4 4 3 
Corophium acherusicurn 3 3 3 
Eciwardsia elegans 3 3 2. I Eteone he teroooda 3 3 3 1--J 
Le2idonotus sublevis 3 3 2 0 a:> 
Mangelia 12licosa 1 2 3 3 I 
Odostomia imDressa 3 3 1 2 
Para2rionospio pinnata 2 1 3 3 
S.co1-021-os robustus 3 3 2 1 
Streblo~pio benedicti 3 3 1 
As_abellides oculata 2 2 1 1 
Batea catharinensis 2 2 2 
Cl:zmenella torquata 1 1 2 2 
Diadumene leucolena 2 2 2 
Euceramus praelonous 2 2 2 
Lumbrineris tenuis 2 2 2 
L:tonsia h~alina 1 1 2 2 
Nepht:ts rnagelJ.anica 2 2 2 
Pectinaria gouldii 2 2 1 
Acanthohaustorius interrnedius 1 1 1 
Callipaller:e brevj_rostris 1 1 1 
Ceriantheopsis americanus 1 1 1 
Cerithio2sis greeni 1 1 1 
Corophium tuberculaturn 1 1 1 
Cre2idula convexa 1 1 1 
STATION F4 continued 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
C~clasois sp. 1 1 1 
Erichsonella filiformis l l l 
Gerr:ma g:emma 1 1 1 
Gl:zcera americana 1 l· l 
Haminoea solitaria 1 l l 
Loimia rr.edusa 1 l l 
Lucina multilineata 1 l l 
Mercenaria rnercenaria 1 1 l 
Molqula ma nha t t eris is 1 1 l 
Neom::z:sis americana 1 l l 
Og:trides lirr.icola 1 l l 
Oligochaeta 1 1 l 
Phtllodoce mucosa 1 l 1 
Pol:tdora sp. 1 l l 
Stenothoe minuta l 1 l I (--I 
Upog:ebia affinis 1 l l 0 \..0 
I 
Total individuals 146 254 554 954 
Tpt:al species 33 44 :, :, 8S 
STATION FS 
Frequency Biological Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Retusa canaliculata 171 84 1 266 7 23 
Heteromastus filiformis 22 107 ['" 7 176 9 23 
S2iochaetopterus oculatus 17 13 137 167' 9 19 
Unciola irrorata 31 74 .1 106 7 10 
Nucula 12roxima 6 66 72 6 6 
Phoronis architecta 19 4 47 70 7 13 
CoroDhium acr:erusicum 1 63 :2 66 5 4 
Ensis directus 23 43 66 6 5 
Streblospio benedicti 1 52 53 4 2 
Paraprionospio pinnata 29 1 19 49 7 5 
Sabellaria vulyaris 20 21 8 49 5 5 
S2io2hanes bombix 9 39 48 6' 8 
Nereis succinea 7 23 J_ .5 45 a. 1 I J 
Oligochaeta 21 21 42 r 4 f-' 0 f-' 
Gl~cinde solitaria 14 9 8 31 8 2 0 I 
Ca2rella geometric a 30. 30 3 4 
Gl:tcera dibranchiata 4 9 12 25 6 2 
Amoelisca vcJ.dorum 5 1 17 23 6 2 
Nassarius vibex 5 11 2 18 7 
Sabella mic r·ophthalrna 1 16 17 3 1 
l'1i trella lunata 4 12 16 6 
Mulinia lateralis 3 12 15 5 
Nepht:ts magella.nica 5 2 8 15 7 
Ph:tllodoce arenae 5 3 7 15 8 
Nemertean 14 14 3 
Paraca12rella tenuis 2 9 2 13 6 
Pseudeur:tthoe 2aucibranchiata 2 11 13 5 
Tellina ag:ilis 12 12 3 
Neooano2e te,,<.ana 4 7 11 3 
Pol:tdora ligni 1 10 11 4 
Mangelia 2licosa 9 l 10 3 
Macoma tenta 8 l 9 4 
0:1.:turost:tlis smithi 6 2 1 9 5 
STATION FS continued 
Frequency Biologi~al Index 
Species Feb May Aug Total (in 9 samples) (5 point system) 
Spio setosa 8 8 2 
Tharyx setigera 2 6 8 5 
Dio2atra cu2rea 1 4 2 7 6 
Hydroides hexagona 5 .1 6· 2 
Lurnbrineris tenuis 3 3 6 4 
Pectinaria gouldii 1 .5 6 4 
Anadara transversa 1 3 .1 5 3 
Cerapus tubularis 3 2 5 4 
Edotea triloba 2 3 5 3 
Edwardsia elegans 2 3 5 3 
Polycirrus eximius 5 5 3 
Eteone heteropoda 4 4 3 
Neomysis americana 4 4 1 
Pyramide lla fusca 3 1 4 3 
Corophium tuberculatum 3 3 1 I I-' 
Euceramus praelongus 3 3 1 I-' 
Arr:uelisca verrilli 2 2 l f, 
Amygdalum papyria 2 2 2 
Batea Cat ha r· inc n Si S l 1 2 2 
r""\ - -- -- ,_ -·- - ..1.- - - -, 
., 
-- ~ _,_ . - 2 2 l 1..-e 1·e u1·ct l. U..LLi. S .LU.l'..l..UU::i 
Epitonium rupir'.o1um 1 .1 2 2 
Eumida sanguine a 1 1 2 2 
Lucina rnultilineata 2 2 l 
Scoloplos robustus 2 2 l 
Tubulanus pellucidus 2 2 2 
Turbonilla interrupta 1 1 2 
Am;ehiodia atra l l l 
Callinectes sapidus 1 1 l 
Caorella equilibra 1 1 l 
Ceriantheoosis americanus .1 1 l 
Clymenella zonalis .l 1 l 
Crepidula convexa 1 l l 
E~ichsonella filiformis 1 1 1 
Gar:::-naru s mucronatus -i l l .L 
Gl;icera americana 1 1 l 
Gobiosoma bosci l 1 l 
STATION F5 continued 
Species Feb May Aug Total Frequency Biological Index 
(in 9 samples) (5 point system) 
Haminoea solitaria 1 1 1 
Harmothoe extenuata 1 1 1 
Le2idonotus sublevis 1 1 1 
Loimia medusa 1 1 1 
Lyonsia hyalina 1 1 1 
I·I i c r o gob i us thalassinus 1 1 1 
l'Iole-;ula manhattensis 1 1 1 
I,1onoc ulode s edwardsi 1 1 1 
Odostomia impressa 1 1 1 
Pa'3;urus lonp::icarpus 1 1 1 
Palaenotus heteroseta 1 1 1 
Paraphoxus e2istomus 1 1 1 
Podarke obscura 1 1 1· 
I 
Total individuals 452 790 457 1699 I-' I-' 
(\J 
I 
Total species 39 57 46 82 
